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1..A SINGLE SUPPLY OP AMPS 
SWING RAIL-TO-RAIL 


Sources 2mA and Drives Capacitive Loads 


Maxim's new MAX406/407/409 are the lowest power op amps available anywhere, requiring a 
maximum supply current under 1.2uA per amplifier--leakage current in most battery-powered 
applications. The output swings rail-to-rail while the input voltage range extends to the negative 
supply rail and only 1.1V from the positive rail. 


e 1.2uA Max Supply Current Drives 1000pF Loads — No Oscillation! 
 +2.5V to +10V Single aneur t 
Supply Range ' 
Ay = 1 
Output Swings Rail-to-Rail en. 5 a 


(1V/DIV) 
@ Input Range Includes ied 
Negative Rail TIME (2ms/DIV) 


These CMOS op amps are extremely stable without external compensation while 
# 0.5mV Max Offset Voltage 


driving heavy capacitive loads in excess of 1000pF! 


(MAX406A) | ~~ ati ia a 
 150kHz Gain Bandwidth Low cos con 
(MAX409) o> f 


<0.1pA Input Bias Current 


MAX407 (Dual) in 8-Pin 


S) aeees 
BATTERY 


MAX406 as a pH probe buffer eliminates expensive low leakage cable (Ip < 0. 1pA) 
while battery life exceeds the probe life (1A supply current) 
Choose the Lowest Power Op Amps 
| Device Op Amps | Supply Current per Amp Vos Ip Bandwidth | Input Voltage Range | Rail-to-Rail Pricet 
per Pkg (WA) max (mV) max (pA) (kHz) (V+ = 5V, V- = GND) Output 
| MAX406 1 1.2 0.5 <0.1 | 40 GND to +3.9V | Yes | $2.50 
| MAX407 2 1.2 | 3 <0.1 | 8 GND to +3.8V Yes | $2.95 
| MAX409° 1 1.2 | 05 <0.1 | 150 GND to +3.9V Yes | $2.50 


abel FREE Op Amp Design Guide 
Includes: Application Notes @¢ DataSheets ¢ Cards For Free Samples 


To receive your design guide, circle the response number, or contact Maxim Integrated 
Products, 120 San Gabriel Dr., Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 
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mim 


Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona, 
(602) 730-8093; California, (408) 248-5300, (619) 278-8021, (714) 261-2123; (818) 704-1655; Colorado (303) 779-8060; Connecticut, (203) 384-1112; Delaware, 
(609) 778-5353; Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; Illinois, (708) 358-6622; Indiana, (317) 844-8462; lowa, 
(319) 393-2232: Kansas, (816) 436-6445; Louisiana, (214) 234-8438; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 352-5454; 
Minnesota, (612) 941-9790: Mississippi, (205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, 
(408) 248-5300; New Hampshire, (617) 329-3454; New Jersey, (516) 351-1000, (609) 778-5353; New Mexico, (602) 730-8093; New York, (516) 351-1000, (607) 754-2171: 
N. Carolina, (919) 851-0010; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447; Oklahoma, (214) 234-8438; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; 
W. Pennsylvania, (614) 895-1447; S. Carolina, (919) 851-0010; Tennessee, (404) 447-6124; Texas, (214) 234-8438, (713) 782-4144, (512) 346-9186; Utah, (801) 561-5099; 
Virginia, (301) 644-5700; Washington, (206) 823-9535; W. Virginia, (613) 278-0714; Wisconsin, (414) 476-2790; Canada, (416) 238-0366, (613) 225-5161, (604) 439-1373, 
(514) 337-7540 


*Available June 1992. '1000-up recommended resale, excludes freight and duty Maxim is a registered trademark of Maxim Integrated Products. © 1992 Maxim Integrated Products 


Real Sun. Real-Time. Real Tough! 


The GALAXY 32+ combines the heart 

of a Sun Workstation™ with the power of 
a VMEbus Real-Time Multiprocessing 
System. You get all the speed of a system 
where host and target share the same 
backplane...with none of the headaches. 


A Complete Rugged Workstation — 
SunOS, color frame buffer and monitor, 
keyboard, and mouse PLUS: 


40 MHz SPARCengine 2 — Sun’s own 


powerplant within the GALAXY 32+ 
ensures 100% SunOS compatibility. 


—_—_ IRONICS Incorporated 
——=_ 798 Caseadilla Street 

=—— | ti d Ithaca, New York 14850 USA 
——s— Incorporate 
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oducts are trademarks of their respective holders. 
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Fast SBus to VMEbus Bridge — 
links and safely buffers SunOS from 
the real-time target debug process. 


Real-Time VMEbus Target Options — 
a full line of compute, imaging, and 
I/O engines. 


VxWorks™ or pSOS+™ Options — 
the best SunOS compatible real-time 
software environments. 


20-Slot ICEBOX™ — the ultimate 
VME enclosure optimized for 
accessibility, power, and cooling. 


607-277-4060 
Fax 607-272-5787 


[ 
Value 
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sun | Reseller 
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Low Delays. 


High-Speed 7.5ns CMOS PAL Devices. and clock-to-out times available. Both come 
There's nothing we hate more than delays. in PLCC and DIP varieties. All on state-of-the-art 
That's why we developed high speed CMOS_ submicron EE CMOS. 


PAL devices that no one can beat—our High-Volume, High-Speed Delivery. 
CMOS 7.5ns 16V8H-7 and 1Ons 22V1OH-10 Again, there's nothing we hate more than 
PAL devices. delays. You can get huge volumes of our new 


In fact, nobody even comes close to our CMOS PAL devices now. 
in-system performance, with the fastest set-up And theyre on the shelf at your local dis- 


tributor, too. So you can get the quantity and 
speed you need, whenever you need them. 

What more can you expect from the com- 
pany that sells more programmable logic 
than all of its competitors combined? 

So pick up the phone and place your 
order today, or call 1-800-222-9323 for more 
information. 
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o Delays. 


Because at AMD, we don't believe in long 


delays either. 


Advanced Micro Devices 


901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc 
PAL is a registered trademark of Advanced Micro Devices. All brand or product names 
mentioned are trademarks or registeréd trademarks of their respective holders 
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47 SYNCHRONOUS RECTIFIER UPS PC BATTERY LIFE 


A tiny IC steps up, steps down, regulates, and controls the battery drain in 
portable PCs, and laboratory and medical instruments. 


55 DIGITAL AUDIO DRIVES 14-T0-20-BIT DAC DESIGNS 


Innovative designs for audio hint at future 16-to-20-bit DACs with more than 
16-bit de accuracy. 


75 OP AMPS EXPAND VOLTAGE REFERENCE OPTIONS 


Bootstrap feedback adds polarity and magnitude options to conventional 
de-voltage references. 


127 RAIL-TO-RAIL OP AMPS USE DEPLETION-MODE PMOSFETS 


CMOS op amps not only swing their outputs to both rails, but also handle 
+ and-common-mode input voltages beyond them. 
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14 EDITORIAL 


18 TECHNOLOGY BRIEFING 
A decade of SCSI 


25 TECHNOLOGY NEWSLETTER 

e First 486-compatible fits 386SX 
pinout 

e Fiber-optic system bridges 200-km 
distance 

e CVD grows BaTiO, film on semi- 
conductors 


e Single chip compresses data locally 


e Consortium backs PA-RISC 
architecture 


e 20-second analog EEPROM finds a 
home 


e Computing agreements to aid DOE 
research 


e Sub-2-in. disk drives pack up to 85 
Mbytes 


32 TECHNOLOGY ADVANCES 

e Improved spectrogram algorithm 
boosts throughput, increases 
resolution 


eFDDI moves to the desktop on 
twisted-pair lines 


e Deep-etch lithography yields 
0.5-mm diameter motors 


e Simple serial bus eases PC-peri- 
pherals interconnect 


Jesse H. Neal Editorial 
Achievement Awards: 
1967 First Place Award 
1968 First Place Award 
1972 Certificate of Merit 
1975 Two Certificates of Merit 
1976 Certificate of Merit 
1978 Certificate of Merit 
1980 Certificate of Merit 
1986 First Place Award 
1989 Certificate of Merit 
1992 Certificate of Merit 
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93 IDEAS FOR DESIGN 
e Ac-de converter runs off one 


supply 
e Give TTL gates 3-state outputs 


e Make local/remote switching 
simpler 


96 QUICK LOOK 

e Despite defense cutbacks, night- 
vision equipment market targets 
growth 


e Skunk works require rigorous 
trust 


e The inherent complexity of devel- 
oping next-generation products 


e Offers you can’t refuse 


97 PEASE PORRIDGE 
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PC DESIGN SPECIAL SECTION 


102 PC Design Newsletter 
103 PC Graphics Watch 


104 Evaluating the communications 
performance of your next board 
design 

118 PC Design Products 
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e Special Report: A five-part preview 
of the Custom Integrated Circuits 
Conference: 


e CMOS in mixed-signal designs 

e Dense digital ICs 

e Mixed-signal testing 

e EDA software 

e Communications ICs 
e Maintain signal fidelity at high dig- 
ital speeds 


e First details on a new architecture 
for octal DACs 


e New mixed-signal cells for ASIC 
design 


e Intelligent software aids pe-board 
development 


e Field-programmable interconnects 
speed breadboarding 


e PLUS: 
Ideas for Design 
Pease Porridge 


Technology Advances 
Quick Look 


ELECTRONIC DESIGN (USPS 172-080; ISSN 0013-4872) 
is published semi monthly except for 3 issues in 
May and 3 issues in November by Penton Publish- 
ing Inc., 1100 Superior Ave., Cleveland, OH 44114- 
2543. Paid rates for a one year subscription are as 
follows: $95 U.S., $175 Canada, $255 International. 
Second-class postage paid at Cleveland, OH, and 
additional mailing offices. Editorial and advertis- 
ing addresses: ELECTRONIC DESIGN, 611 Route #46 
West, Hasbrouck ct sae NJ 07604. Telephone 
(201) 393-6060. Facsimile (201) 393-0204. 
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tion may not be reproduced in whole or in part 
without the consent of the copyright owner. 
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which separate Se ownership is indicated 
on the first page of the article, provided that a base 
fee of $1 per copy of the article plus $.50 pa eis 
a directly to the CCC, 27 Congress St., Salem, 

A 01970 (Code No. 0013-4872/92 $1.00 + .50). 
(Can. GST #R126431964) Copying done for other 
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tion inquiries, call (216) 696-7000. 
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_While you've been pushing the 
limits of digital devices, 


HP’s specially designed 
per-pin architecture 
makes high-performance 
testing an economic 
reality. 

The HP 83000 Model F660 

Digital Test System uses specially 
designed multi-chip modules to 
give you the performance you 


need to fully characterize designs 
on anything from GaAs to CMOS. 


nels with true tester-per-pin 
architecture. 


CAE links, automatic test 
functions, and software tools 
make test set up fast and 
characterization thorough. 
And there’s one PMU for every 
16 channels, for faster dc 
testing and greater throughput. 


Yet, the HP 83000’s highly inte- 
grated, modular electronics 


The HP 83000 Digital Test System 
for both engineering and 
production applications. 


With 50 ps accuracy. Speeds to 
660 MHz. And up to 1024 chan- 


bring you all this performance 
at a cost that’s less than tradi- 


we ve been pushing 
the limits of testing. 


ae 


ibs 
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tional ATE systems. And since 
they make the footprint smaller 
and upgrading easier, cost of 
ownership is lower, too. In fact, 
every technical aspect of the 
HP 83000 system was designed 
with the best combination of 
performance and cost efficiency 
in mind. 

So, if you’re pushing the perfor- 
mance of digital devices, call 
1-800-452-4844*. Ask for Ext. 
2898, and we'll send you infor- 
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mation that explains how the 
HP 83000 lets you test them to 
their limits. 


There is a better way. 


(A) packano 


* In Canada call 1-800-387-3867, Dept. 432. 
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PORTABLE ANALYZER 


@ SCSI 1&2 

@ FAST & WIDE 

@ Single-Ended 
or Differential 
(optional) 

@ Tracing over 
10 MHz with 
20 nanosec 
time stamp 
resolution 


stort meg yin 


Open the case, provide power and it’s ready to use! 
Call today for product information 


po i | Cet Ge MS a ® (415)322-5322 Fax (415) 322-0455 


CORPORATION 115 Constitution Drive, Menlo Park, CA 94025 USA 
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; function- 
BEI patteries af fficiently 


. al : 
ing safety “world 


ufactures 
attery packs fora W 


For more information, call/FAX for our FREE brochure. 


B 43 BaTTERY ENGINEERING, INC. 


1636 Hyde Park Avenue * Hyde Park, Mass. 02136 » 617-361-7555 « FAX: 617-361-1835 
¢ Performance ¢ Safety * Power ¢ Reliability 
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When Time Is Money ... 


Tektronix QuickCustom jASICS- 


mend as at 
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QuickCustom™ ASIC design-methods: 


from Tektronix provide convenient 
access to high performance bipolar 
technology. There are three effective 
design methods offered on the SHPi 
process with 8.5 GHz NPNs, Schottky 
diodes, JFETs, thin-film resistors, and 
PNPs. @ QuickChip™ 6 semicustom 
analog arrays offer the fastest, lowest 
risk route between concept and 
finished product. @ Higher perfor- 
mance and greater flexibility are 
possible using the building 
block approach of 
QuickTiles.™ Integration 
of mixed signal ASICs 
is fast using the digi- « 
tal cell library. ® Full 
custom design provides 
optimum performance and 
minimum die size. 
Tektronix now introduces 
the QuickChip™ 7 mixed analog- 
“\@)s) array using a new, higher per- 
formance technology, GST-1. This high- 
density, 12 GHz process is Tektronix’ 


i eatemetee = 


coer 
TEK USA 


y MYLEAD me c : 


-most advanced bipolar technology. 


Fiber optic telecommunications trans- 
ceivers and high-speed mixed-signal 
applications are quickly implemented 
on the QuickChip 7 semicustom array. 
QuickCustom design methods from 
Tektronix include the specialized 
design tools, accurate device model- 
ing and experienced technical support 
necessary to develop ASICs quickly 
and without error. Even first time 
ASIC designers are successful. 
When time and perfor- 
mance are critical, choose 
QuickCustom from 
Tektronix. For more 
By 9 information, please 
“4° circle the reader 
. number, call 800-835-9433 
‘ ~=extension “ICO,” or FAX your 
"request to 503-627-5560. 


Tektronix 


Test and Measurement 
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Copyright © 1990, 1992, Tektronix, Inc. All rights reserved. ICO-100 


It Takes Some 
Characteristics To 


Very Special 
Be “1 In EPROMs. 


AMD EPROMs today are what other 
mere mortal EPROMs can only aspire to 
be: high density, of course. But also high 
speed. Able to store massive amounts 
of information, with lightning fast 
access times. All in our superior 
CMOS technology, 

EPROMs have always been our 
strength—thanks to our unparalleled 
performance, selection, reliability, 

and quality. 
f _ That's why we sell more EPROMs 
f than any other vendor* Period. And 
fF were ready to do the same for years 
=” tocomeWhile other vendors have aban- 
~ doned EPROMs, we're still committed— 
to making the fastest, highest density EPROMs. 

In fact, we've got the most advanced EPROM 
wafer fab, assembly and test facilities in the 
world. Which produce the most reliable, high- 
est quality EPROMs available. In everything 
from surface mount plastic to mil spec 
compliant packages. 

So make yourself a hero.The instant you 
know your EPROM requirements, get them fast. 
Get them dense. Get them in volume. And 
get them right away. 

Call AMD at 1-800-222-9323 for more 
information. Or call your local sales office to 


place an order. 


Advanced Micro Devices 


90! Thompson Place. PO. Box 3453. Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc. 
All brand or product names mentioned are trademarks or registered trademarks of their respective holders. 
*Dataquest. March 199], based on 1990 data. 
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“We need you to design, compile, link, load, configure, prototype, debuc 


Relax. With a LONBUILDER 2 Developer’s Workbench, 
you can do all that and more in record time. 


As competition becomes more intense, pressure 
to quickly develop new and better products 
increases. We can help. 

With LONWORKS"™ control networks for 
intelligent distributed control applications, and 
the LONBUILDER™2 Developer's Workbench. 

LONWORKS control networks make your 
products “smarter,” able to interoperate with and 
control other products. Each control network is 
made up of a series of “nodes” that communicate 
with each other. At the heart of each node is a 
NEURON® CHIP available from Motorola. Nodes 
also contain a media interface that uses the stan- 
dard LONTALK™ protocol to communicate with 
other nodes over a wide range of standard 
communication media. 

And to design those LONWORKS nodes 
into your products quickly and inexpensively, 


©) 1992 Echelon Corporation S, LONBUILDER, and LONTALK are trademarks and ECHELON, LON and NEURON are registered trademarks of Echelon Corporation. Other nam be trademarks of their re ve companies. 


and fabricate a new control network. By yesterday.” 


there's the PC-based LONBUILDER 2 Developer's Workbench. It's really 3 tools in |: a multi-node development system for developing 
and debugging LONWORKS nodes; a network manager for installing and debugging the integrated network; and a protocol analyzer 
for network monitoring and testing. 
A consistent, easy to use interface called LON" Navigator guides you through the functions. When you're ready, you can 
-ceptthtt compile, link, load and configure applications with a single command. 
r : 5 LONWORKS applications are already being introduced. More than 200 companies, 
many of them on the Fortune 100 list, are using LONBUILDER 2 Developer's Workbenches 
to design and develop more intelligent, more competitive products. The chances are 
good some of those companies are your competitors. Which raises the quesion, 
“What are you waiting for?” 


Motorola Demonstration Sites 
Come see how revolutionary LONWORKS control network products really are, and how quick and easy it is to design them into 
your products using a LONBUILDER 2 Developer's Workbench. Get a hands-on demonstration at one of 20 Motorola offices across 
the country. 


Call or fax for more information and the location of the Motorola ™ 
demonstration office nearest you. 1-800-937-4LON. FAX 1-415-856-6153. se ECHELON 
Outside the ULS., please fax. Echelon Corporation, 4015 Miranda Avenue, Palo Alto, CA 94304 
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LCD Proto Kit 


Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 


Bfn. 

240 x 64 Britt Wt « Bll. Kit provides 
pixel } serial inter- 
Supertwist face to IBM 
LCD F PC for quick 
mounts rototyping. 
directly "Senco 
onto ; supports 
CYBOO3 displays up 
proto- to 240 x 128 
typin pixels. 

board. 1 
Interface to 
6 soft keys or 
4x 4 key matrix. 


Dial 0-25k 
* 


ohms for LCD 

contrast. 

hag es : The 
“4 CY325 

LCD 

Windows 

Controller 

provides 

parallel or 

circuitry serial high- 
or back- level control 
light. Y of Instrument- 
: size LCDs. Up 

to 256 built-in 
windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 
graphics are main- 
tained in separate 
planes, facilitating 
special effects. 


Complete User 
Manual included. 


Add your own 8051 
CPU for stand 
alone operation. 


§ 
7 
Os 


Wirewrap 
area for 
custom 


‘te, 


RJ11 Fy 


serial jack for 
RxD, TxD, 
CTS, and 
GND, plus 
2 spares. DIN. 


5 Pin Alternate 
Power Power 
Connector. 


Kit also includes: 


Power wy provides +5v and Gnd for 
board, -12v for LCD, 


and + 12v spare. Sample routines in 


8051 Assembler 
and QuickBasic. 


LCD Paint™ for 
creating your own 


graphics 
hn images. 


cable with 
DB25F 
connector 

for your IBM PC. 


$495 - Kit 


Popular LCD Starter Kit. 


(MO | (VISA AMEX 
($595 pre-assembled & tested) 
*The CY325 CMOS 40-pin DIP and 44-pin 


PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 


Box 3000 @ San Gregorio CA 94074 
Tel: 415-726-3000 @ Fax: 415-726-3003 


Demo routines 
preprogrammed 
into 8751 for 
immediate 
gratification. 


CIRCLE 116 FOR U.S. RESPONSE 
CIRCLE 117 FOR RESPONSE OUTSIDE THE U.S. 


PEL eEcTRONIC 


EDITORIAL 


“BUILD THINGS PEOPLE WILL Buy” 


ooking out my window downat our building’s parking lot, a pile driver 

continues its relentless pounding of a 60-foot wooden piling into the 

ground for who-knows-what future construction, nearly bouncing me 

out of my chair at every impact. It’s arresting in its simplicity — just 
pound the thing into the ground, and then go on to the next one. Designing elec- 
tronic systems is alot more complex, of course, but there’s something appealing 
about ateamcarrying outatightly focused job to produce something that clearly 
satisfies a need. 

Success in the electronics industry might, but rarely does, stem from a so- 
phisticated, unique philosophy of a company’s mission. Most of the time, it 
results from more basic approaches: hard, steady teamwork turning out 
products that customers want. A recent article in the Harvard Business Review 
by Gerard H. Langeler, president of Mentor Graphics’ Systems Group, drives 
this point home. In “The Vision Trap,” Langeler presents an unusually candid 
review of the evolution of Mentor’s philosophy, or “long-term vision,” during 
the 1980s. 

Langeler, one of Mentor’s founders, notes that the company’s vision early on 
was simple: “Build things that people will buy.” However, as the company grew 
through the decade, this vision expanded to levels of greater and greater so- 
phistication and abstraction. These concepts became increasingly difficult to 
translate into specificmarching orders for the engineering staff. Then, Langeler 
notes, Mentor’s management came face-to-face with some unpleasant facts. The 
release of its 8.0 software was slipping, as was workers’ morale, and layoffs and 
losses were in the offing. 

It was time to get down to basics. Stronger scheduling discipline measures 
were imposed for 8.0, with cutoff dates implemented to prevent perpetual re- 
finement. The product was soon shipped. 

Now, says Langeler, the company has come full circle in its thinking. When 
asked by an employee at arecent company meeting to elucidate the company’s 
vision, he responded simply, “Our current short-, medium-, and long-term vision 
is to build things people will buy.” This, he says, was greeted with immediate 
and lengthy applause. 

There’s something about this story that an engineer has to like. It seems 
to capture the essence of hard-nosed, real-world engineering: Forget the 
fancy management theories and just go ahead and build the products that 

customers will want to buy. 


Editor-in-Chief 
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SPDT switches with built-in driver 
ABSORPTIVE or REFLECTIVE dc to 5GHz 


Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive © SPECIFICATIONS (typ) 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $19.95. So why bother designing and building a driver interface to Absorptive SPDT 
further complicate your subsystem and take added space when you can YSWA-2-50DR YSW-2-50DR 
specify Mini-Circuits’ latest innovative integrated components? ZYSWA-2-50DR ZYSW-2-50DR 


Reflective SPDT 


Check the outstanding performance of these units...high isolation, Frequency dce- 500- 2000- de- 500-  2000- 
excellent return loss (even in the “off” state for absorptive models) and 3-sigma (MHz) 500 2000 5000 500 2000 5000 
guaranteed unit-to-unit repeatability for insertion loss. These rugged devices _!ns. Loss (dB) 11 14 9 0.9 1.3 
Operate over a -55° to +100°C span. Plug-in models are Isolation (dB) 42 31 20 50 40 
housed in a tiny plastic case and are available in tape- , a cei ape 18 Oo 22.5 a Pd 
and-reel format (1500 units max, 24mm). All models allem se gaat 


, ) : : ; VSWR “on” 125 135 15 1.4 1.4 
are available for immediate delivery with a one-year , ; Video Bkthru 30 30 30 30 30 
guarantee. , AS (mV,p/p) 
Sw. Spd. (nsec) 3 3 3 3 3 3 
finding new ways ‘ ; Price, $ YSWA-2-50DR (pin) 23.95 YSW-2-50DR (pin) 19.95 
setting higher standards (1-9 qty) ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95 
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One loud part can ruin the pert 


got the right combination of specifications, performance and 


price, regardless of your design needs. 


AUDIO DESIGNERS SHOULD 
LISTEN TO THIS. 


If you're designing audio components 
and want superb transient response, ambi- 
ence, Clarity and dynamic range, our prod- 
ucts will be music to your ears. 
The SSM-2017 microphone preamp has 
impressive noise performance 
(950 pV/\/Hz) and ultralow 


THD (<0.01% @ G = 100), 


while the new dual OP-275 has 
great sonic characteristics, low noise (6 nV/\/Hz) and low 
power requirements. And the dual AD712, which has a low 
offset voltage of 0.30 mV, drift of 7 wV/°C and a 16 V/us min 
slew rate, delivers high performance at a low price. 


A system that isn’t working in harmony is a system 


THIS WILL MAKE MEDICAL EQUIPMENT 
DESIGNERS FEEL BETTER. 


bound for failure. Particularly if the part acting up is your low 

noise op amp. Major medical applications, such as CT scanners, digital 
Whether it’s current noise or voltage noise you're con- X-ray and fluid analysis, require low noise and 

pA bias currents. And we've got just the right 


keeps humming along. Get your low noise op amps from prescription. 


Analog Devices. For those who want low voltage noise, 


With the broadest line of low noise op amps around, we've but not at the expense of current noise, the AD743 and the 


The Analog family 


Authorized North American Distributors: Alliance Electronics 505-292-3360 ¢ Allied Electronics 817-595-3500 * Anthem Electronics 408-453-1200 Bell Industries 213-826-6778 © Future Electronics 
514-694-7710 © Hall-Mark Electronics 214-343-5000 ¢ Newark Electronics 312-784-5100 ¢ Pioneer-Standard Electronics 800-874-6633 ¢ Pioneer Technologies Group 800-227-1693 * Zentronics 416-564-9600 


ormance of your entire system. 


higher speed AD745 offer the best combination of specs 
— 3.2 nV/\/Hz and 6.9 fA/~/Hz. If your emphasis is vice 
versa, then the AD645 has the specs you want — 0.6 fA/\/Hz 


for current noise, and 9 nV/\/Hz for voltage noise. 


OP AMPS THAT ARE INSTRUMENTAL 
FOR INSTRUMENTATION. 


If you're working in instrumentation applications, our 
op amps could prove to be instrumental in your design. 

The world’s lowest current noise (0.11 fA/\/Hz) 
monolithic op amp, the AD549, has 60 fA of input bias 


current — which is ideal for interfacing with very high 


Voltage Current 
Noise Noise S Feaead Input 
Model nV/VHz  fA/NHz V ae 
@1kHz @1kHz 
typ typ 


AD829 2.0 15 
OP27/0P-37 3.0 
AD743/745 3.2 

OP-275 


(dual) 
AD645 


AD712 
(dual) 


AD548/648 
(dual) 


AD549 d ; 0.5 


0.25/0.3 . 


impedance sources. The AD548 (single) and AD648 (dual) 
deliver low bias current (10 pA), extremely low current 
noise (1.8 fA/\/Hz) and low power consumption at a highly 
attractive price. And the industry-standard OP-27 and OP-37 
offer ultralow noise (3 nV/\/Hz at 1 kHz) and precision 


de performance. 


of low noise op amps. 


THE FASTEST LOW NOISE OP AMP AROUND. 
If you need low noise but don’t want to give up speed, 
then consider the extremely versatile AD829. It has low volt- 
age and current noise (2 nV/\/Hz and 
1.5 pA/\/Hz, respectively), high speed 


(230 V/us slew rate) and excellent video 


performance (0.02% differential gain and 
(.04° differential phase). Making it perfect for a range of 
applications including office automation, imaging and data 
acquisition systems. 
GIVE US A SHOUT IF YOU NEED HELP. 
Since all of these op amps are specifically designed for 
applications where low noise is critical, you can just drop them 


into your design and virtually forget about them. 


a 
nin 
tw nue 
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Should you ever have a question, 
you'll be glad to hear that our products 
are backed by the most responsive appli- 
cations support staff in the industry. 

How responsive? Give us a shout at 
1-800-262-5643 and see for yourself. We'll answer any questions 
you've got on choosing the right low noise op amp, plus send you 
a free low noise op amp selection guide and SPICE model library. 


Or for more information on our low noise op amps, write 


ANALOG 
DEVICES 


to Analog Devices, P.O. Box 9106, 


Norwood, MA 02062-9106. 
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Data Acquisition 
for the 
uncompromising. 


ICS - 120 


e4-Channel, 12-bit VMEbus 
Analog Input Board 


¢Up to 1 MHz/Channel Sampling 
Rate (Simultaneous Sampling) 


e 128 Taps/Channel FIR 
Filter/Decimator for Output 
Data Rate Reduction 


e2 Mbytes of On-Board Storage 


ICS - 140 


¢8-Channel, 16-bit VMEbus 
Analog Input and Output Board 


¢ Up to 100 KHz/Channel 
Sampling Rate (Simultaneous 
Sampling) 


e Direct SKYburst Interface to 
SKYbolt Array Processor 


¢ Direct Serial Interface to Valley 
Enterprises’ VE-32C DSP Board 


For further 
information, 
call us now at: 


1-800-267-9794 


eee aa /"/7ERACT/VE 
so e=_—__ CIRCUITS AND 


es Ss SYSTEMS LTD. 


TEL (613) 749-9241 FAX (613) 749-9461 
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TECHNOLOGY BRIEFING 


A Decabe Or SCSI 


number of major anniversaries seem to be spring- 

ing up lately. ELECTRONIC DESIGN is celebrating 

its 40th anniversary, and the 10-year anniver- 

saries of the personal computer and the VMEbus 
have recently passed. This pattern continues with the Small 
Computer Systems Interface (SCSD, which also observes 
its 10th year. The goal of SCSI, developed by NCR Corp., 
Fort Collins, Colo., and Shugart Associates was to improve 
performance because the existing interfaces, such as RS- 
232, IEEE-488, MIDI, Centronics, and others, were running 
out of steam. 

SCSLis based on the Shugart Associates System Interface 
(SASI), which was introduced in an August 20, 1981 cover ar- 
ticle in ELECTRONIC DESIGN. SASI was comparable to SCSI electrically, but its 
command set was simpler than that of SCSI. In 1982, NCR worked with Shugart 
Associates to evolve SASI into SCSI by including differential drivers, a more 
generic interface, better software, and other features. 

Before SCSI, adding a new peripheral to the host meant designing a dedi- 
cated hardware and software interface. By the time the host computer “learned” 
how to communicate with the new peripheral, more advanced peripherals were 
emerging. This trend held the host one generation behind the current periph- 
eral technology. SCSI’s standardization kept the host from learning a new way 
to communicate with each peripheral, thus reducing integration time. SCSI be- 
came an ANSI standard in June 1986. 

SCSI was originally conceived to support multiple device types, including se- 
quential- and direct-access devices, printers, and processors. The proposal was 
extended to include write-once read-many (WORM) drives, CD-ROMs, media- 
changer devices, scanners, optical-memory drives, and communication hard- 
ware. A maximum of eight devices in any mix of hosts and peripherals were per- 
mitted in the original specification. The bus contains nine bidirectional datalines 
plus parity, controlled by nine signals. Data is usually sent in an asynchronous 
mode, although synchronous operation is an option. 

A SCSI controller must have intelligence, and should process one-byte mes- 
sages (the bus logical interface) and multibyte command-descriptor blocks (the 
1/0 logical interface). Most of the error recovery, data buffering, and other de- 
vice-specific tasks are handled by the peripheral controller, presenting a de- 
vice-independent interface to the host. A typical SCSI bus controller translates 
signals, performs speed matching, and orders bytes between the microproces- 
sor and SCSI buses. 

The original SCSI was replaced by the SCSI-II upgrade, which features more 
speed and increased bandwidth among other enhancements while maintaining 
backward compatibility with the original SCSI specification. Toimprove speed, 
the SCSI bus has options for wider data paths called “wide SCSI” and faster 
data-transfer rates called “fast SCSI.” The wide SCSI bus features synchronous 
data transfers that are either 16 bits for 10 Mbits/s or 32 bits for 20 Mbits/s. The 
fast SCSI bus offers synchronous data transfers that are 8 bits for 10 Mbits/s. 

NCR based its redundant-array-of-inexpensive-disks (RAID) technology 
on SCSI-II, introduced on ELECTRONIC DESIGN’s March 14, 1991 cover. When 
combined with fast and wide SCSI controllers, the RAID systems offer higher 
I/O throughputs to keep up with the parade of faster microprocessors. Data is 
also protected against drive failures because data from one down drive can be 
recreated by the other drives within the array. RAID subsystems are being 
implemented in systems ranging from file servers to mainframes. 

Work has just begun on SCSI-III. Some features that may appear in the next 
generation include a single 16-bit wide SCSI cable, a serial SCSI protocol that 
can utilize fiber-optic cable, the ability to connect more than eight devices on 
the SCSI bus, and a more standardized logical interface. 


RICHARD NASS 
COMPUTER SYSTEMS 


LOUAL 


Take a Look at LabWindows’2.0 


LabWindows 2.0 brings a new look to 
data acquisition and instrument control. 
The new look is graphical—a graphical 
user interface for your acquisition and 
control system. 


Create a Graphical User Interface 
With LabWindows 2.0, you can easily 
create custom graphics panels to 
interface with your DOS-based system. 
Using the graphical editor and standard 
development tools, you can develop a 
system that combines data acquisition, 
data analysis, and data presentation. 


Program with C or BASIC 


When you develop a system with 
LabWindows 2.0, you have the benefit 
of using standard programming 
languages with development tools 
designed specifically for data acquisition 
and instrument control. 


Use any Acquisition Hardware 
LabWindows 2.0 has libraries of 
functions to control data acquisition 
hardware ranging from plug-in boards 
to industry-standard GPIB, VXI, and 


RS-232 instruments. You can develop a 
system with LabWindows to meet all of 
your measurement and control needs. 


Take a look at the new LabWindows 2.0. 
You'll like what you see. 


aie 


The Software is the Instrument ® 


6504 Bridge Point Parkway 
Austin, TX 78730-5039 

(512) 794-0100 

(800) 433-3488 (U.S. and Canada) 


International Branch Offices: Australia (03) 879 9422, Denmark (45) 76 73 22, France (1) 48 65 33 70, Germany (089) 714 5093 
Italy (02) 4830 1892, Japan (03) 3788 1921, Netherlands (01720) 45761, Norway (03) 846 866, Spain (908) 604 304, Switzerland (056) 45 58 80, U.K. (0635) 523 545. 
Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies. © Copyright 1991 National Instruments Corporation. All rights reserved 


CIRCLE 178 FOR U.S. RESPONSE 


CIRCLE 179 FOR RESPONSE OUTSIDE THE U.S. 


See Us At ELECTRO, Booth 2201 


FILTERS 


F132-1 REV.A 


dc to 3GHz ...$1l5 


lowpass, highpass, bandpass 


@less than 1dB insertion loss ¢ greater than 40dB stopband rejection ®surface-mount ®BNC, Type N, SMA available 
e5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) ® rugged hermetically-sealed pin models ® constant phase 
®meets MIL-STD-202 tests ® over 100 off-the-shelf models * immediate delivery 


low pass, Plug-in, dc to 1200MHz 


Price, (1-9 qty), all models: $11.45 


Flat Time Delay, de to 1870 MHz 


Passband Stopband, MHz Passband Stopband, MHz 
Model MHz loss loss Model MHz loss loss 
No. loss < 1dB > 20dB > 40dB No. loss < 1dB > 20dB > 40dB 
PLP-5 DC-5 8-10 10-200 PLP-250 DC-225 320-400 400-1200 
PLP-10.7 DC-11 19-24 24-200 PLP-300 DC-270 410-550 550-1200 
PLP-21.4 DC-22 32-41 41-200 PLP-450 DC-400 580-750 750-1800 
PLP-30 DC-32 47-61 61-200 PLP-550 DC-520 750-920 920-2000 
LOW PASS PLP-50 0C-48 70-90 90-200 PLP-600 DC-680 840-1120 1120-2000 
PLP-70 DC-60 90-117 117-300 PLP-750 DC-700 1000-1300 1300-2000 
PLP-90 DC-81 121-137 167-400 PLP-800 DC-720 1080-1400 1400-2000 
PLP-100 DC-98 146-189 189-400 PLP-850 DC-760 1100-1400 1400-2000 
@ PLP-150 DC-140 210-300 300-600 PLP-1000 DC-900 1340-1750 1750-2000 
> PLP-200 DC-190 290-390 390-800 PLP-1200 DC-1000 1620-2100 2100-2500 
2 Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95. Type N $35.95 
i Surface-mount, dc to 570 MHz 
iJ 
SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
B SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800 
SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 
frequency SCLF-135 DC-135 210-300 300-600 


Price, (1-9 qty), all models: plug-in $18.95, 
BNC $40.95, SMA $42.95, Type N $43.95 


Price, (1-9 qty), all models: plug-in $14.95, 
BNC $36.95, SMA $38.95, Type N $39.95 


Passband Stopband VSWR Group Delay Variations, ns 
MHz MHz Freq. Range, DC thru Freq. Range, DC thru 
oa Model loss loss 0.2tco 0.6fco {co 2tco 2.67fco 
Sa No loss<1.2dB | > 10dB > 20dB X X X X X 
PBLP-39 DC-23 78-117 117 1.3:1 23:1 07 40 5.0 
3 PBLP-117 DC-65 234-312 312 1.31 241 0.35 14 1.9 
s 3 PBLP-156 0C-94 312-416 416 0.3:1 1.11 03 11 15 
5 J PBLP-200 DC-120 400-534 534 1.6:1 1.9:1 04 13 1.6 
i ¢ PBLP-300 DC-180 600-801 801 1.25:1 2.21 0.2 06 08 
E : PBLP-467 DC-280 934-1246 1246 1.2511 2.21 015 04 0.55 
; ABLP-933 DC-560 1866-2490 2490 1.3:1 2.2:1 0.09 0.2 0.28 
2 ABLP-1870 DC-850 3740-6000 5000 1.45.1 2.9:1 0.05 01 0.15 
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
high pass, Plug-in, 27.5 to 2200MHz 
Stopband Passband VSWR Stopband Passband VSWR 
MHz MHz Pass- MHz MHz Pass- 
Model loss loss loss band Model loss loss loss band 
@ No < 40dB < 20dB <1dB Typ No < 400B < 20dB <1dB Typ 
e PHP-25 DC-13 13-19 27.5-200 1.8:1 PHP-400 DC-210 210-290 395-1600 74 
2 PHP-50 DC-20 20-26 41-200 1.511 PHP-500 DC-280 280-365 500-1600 1.81 
3 PHP-100 DC-40 40-55 90-400 1.8:1 PHP-600 OC-350 350-440 600-1600 2.0:1 
5 PHP-150 O0C-70 70-95 133-600 1.8:1 PHP-700 DC-400 400-520 700-1800 1.6: 
- PHP-175 DOC-70 70-105 160-800 1.5:1 PHP-800 DC-445 445-570 780-2000 21:1 
L- PHP-200 DC-90 90-116 185-800 1.6:1 PHP-900 DOC-520 520-660 910-2100 1.81 
PHP-250 DC-100 100-150 225-1200 13:1 PHP-1000 | DC-550 550-720 1000-2200 191 
PHP-300 DC-145 145-170 290-1200 174 
frequency 
Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 
BANDPASS bandpass, Elliptic Response, Constant Impedance, 
via mania 10.7 to 7OMHz 21.4 to 7OMHz 
2) Center | Passband 3 dB Stopbands Center | Passband | Stopband | VSWR 
c Freq LL. 1.5 dB Bandwidth LL LL Freq MHz loss 13:1 
2 Model Max. Typ. > 200B > 35dB Model loss >20dB | Total Band 
3 No (MHz) (MHz) (MHz) at MHz at MHz No MHz < 1dB at MHz MHz 
2 PBP-10.7| 10.7 96-115 89-127 75&15106& 50-1000 PIF-21.4 21.4 18-25 1.38150 | DC-220 
i) PBP-21.4) 21.4 19.2-23.6 17.9-253 | 155&29|30& 80-1000 PIF-30 30 25-35 198210 | DC-330 
PBP-30 30.0 | 27.0-33.0 25-35 22&40/328& 99-1000 PIF-40 42 35-49 2.6 & 300 | DC-400 
- PBP-60 60.0 | 55.0-67.0 49.5-70.5 44&79 |46&190-1000 PIF-50 50 41-58 3.1 & 350 | DC-440 
frequency PBP-70 70.0 63.0-77.0 68.0-82.0 51 & 94 16.0& 193-1000 PIF-60 60 50-70 3.8 &400 | DC-500 
PIF-70 70 58-82 448490 | DC-550 


finding new ways 
setting higher standards 
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F132-2 REV. A 


Now you can afford to 


Presenting a very small development in Ethernet: 
Chipsets that are matched to your system and 
your budget. In fact, they cost you as little as 5 square 
inches. Which, by the way, is less total real estate than 
any competitive solution. But sizable reductions don’t 
stop with board space, because we're also reducing 

the price up to 30 percent. 


Needless to say, true plug-and-play simplicity 
requires an intelligent network interface. So our 
new high-integration 82503 Dual Serial Transceiver 
goes beyond IEEE 802.3 to include automatic port 
selection, polarity switching and a jumperless 
interface to AUI or TPE. 

For unmatched desktop performance, we offer 


© 1992 Intel Corporation. Intel386 and Intel486 are trademarks of Intel Corporation. *Ethernet is a registered trademark of Xerox and Diamond is a registered trademark of Diamond Brands, Inc. 


put Ethernet in any box. 


a complete family of 82596 LAN coprocessors, each 
optimized to a specific Intel486™ CPU for maximum 
throughput. And our 82593 is the perfect LAN 
controller for Intel386™ SL notebooks. 

Best of all, these true two-chip solutions give you 
the flexibility to simplify your design and deliver 
your product to market in the smallest of timeframes. 


So look into today’s hottest Ethernet chipsets. 
Call (800) 548-4725 and ask for Lit. Packet #YA23. 
And learn why we have the perfect match for your 


next box. a 
intel. 


The Computer Inside. 
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TECHNOLOGY NEWSLETTER | 


Long-rumored to be working on a 80386 CPU replacement, designers at 
FIRST 486-COMP ATIBLE Cyrix Corp., Richardson, Texas, surprised the industry by releasing a chip 


FITS 386SX P INOUT that implements the 80486 instruction set, yet plugs into sockets intended for 
the 386SX. Even though it has the same 100-lead plastic quad-sided flat package pinout of the 
386SX, the chip also offers superset functions controlled by several pins that were no-connects 
on the 386SX. With a 1-kbyte on-chip merged-instruction and data cache, the fully static CMOS | 
486SLC can access data two clock periods faster than a zero-wait-state external 16-bit bus 
access. The words are re-merged in the cache, forming 32-bit words for transfers over the 
chip’s internal data paths to the five-stage pipelined execution unit. The five overlapped 
stages permit successive instruction overlap to minimize instruction cycle times. By combin- | 
ing the cache and pipeline, as well as some single-cycle instructions, the chip can execute soft- | 
ware up to 2.4 times faster than a 386SX or 386SL, and 1.7 times faster than IBM’s cache-based 
386SLC (if the data or instructions are in the cache). Adding a 16-bit integer multiplier to the 
CPU’s circuitry allows the CPU to perform many graphics- or DSP-related computations in 
less then one-third the number of cycles required by the 80486 CPU. 

The 486SLC CPU will come in 3- and 5-V versions. The 3-V units are ideal for portable sys- 
tems. With the clock stopped, the chip consumes a mere 100 A; when running at 20 MHz, the 
power is just 600 mW. Suspend/Resume instructions permit easy chip stoppage, dropping 
power to the microwatt range, even when running programs like Microsoft Windows. Contact 
Jim Chapman at (214) 234-8387. DB 


By using an optical power amplifier from Philips, Australia’s Telecom PTT 

FIBER-OPTIC SYSTEM was able to send 2.5-Gbit/s signals over a fiber-optic route of more than 200 

BRIDGES 200-KM DISTANCE km (about 120 miles) without the need for an intermediate amplifier. This re- 

cord distance for a repeater-less link, Philips says, is four times the previous record of 50 km 

(30 miles). The Australian tests also showed that attenuation is the only factor limiting the po- 

tential distance that can be bridged using a fiber-optic cable. The 1550-nm optical power 

amplifier, the result of a cooperative effort between the Philips Development Labs in Nurem- 

berg, Germany, and the Philips Research Labs in Eindhoven, the Netherlands, has an optical 

pump laser as its active optical component. It makes available a transmission signal of +12 

dBm (about 14 mW). The SDH (synchronous digital hierarchy) transmission system uses a 
monomode glass fiber with an optical dispersion of 1300 nm. JG 


Advanced Technology Materials Inc., Danbury, Conn., has been awarded a 
CVD GROWS BaTi0, FILM contract by the U.S. Defense Dept.’s Strategic Defense Initiative Office 


ON SEMICONDUCTORS (SDIO) to develop chemical-vapor-deposition (CVD) techniques for fabricat- 
ing piezoelectric barium titanate (BaTiO,) thin films. The ability to grow such thin films, as 
well as thin films of other advanced dielectric materials (diamond, silicon carbide), on a semi- 
conductor substrate is critical for the commercialization and high-volume production of next- 
generation (256-Mbyte) DRAMs. BaTiO, films will be used to make devices for high-precision 
and low-intensity lasers, for CD-ROM and medical applications. When combined with its non- 
linear optical properties, BaTiO, can accelerate the development of high-speed optical comput- 
ers by allowing integrated optical phase modulators, switches, and couplers to be built. Call 
Gene Banucci at (203) 794-1100. FG 


9. A trio of 1.8-in. disk-drive families from MiniStor Peripherals Corp., San Jose, 
SUB 2 IN. DISK DRIVES Calif.; Aura Associates, Saratoga, Calif.;and NEC Corp., Tokyo, Japan, offer 
FP ACK Up To 85 MBYTES storage capacities ranging from 32 to 85 Mbytes. The drives aim at portable- 
computer and other battery-powered systems. MiniStor drives with operating and non-operat- 
ing shock resistances of 20 Gs and 200 Gs, respectively, were designed to withstand high 
shock. With a shock sensor circuit, the drive can sense jarring movements during write com- 
mands, allowing the drive to take data-protection measures. Other features include a rugged- 
ized spindle motor that provides high durability to shock, and a positive mechanical actuator 
lock that keeps the heads secure when they’re parked. MiniStor’s drives come in 32- or 64- | 
Mbyte options and in two versions. One version has IDE interfaces for embedded applications, 
and the other includes the PCMCIA 68-pin memory-card connector, suiting it for removable 
applications. A 256-kbyte buffer helps eliminate unnecessary disk spin-ups by holding large | 
chunks of data in temporary storage. 
Aura Associates together with NEC designed a pair of 1.8-in. drives that employ 32-kbyte 
buffers, but offer 42.6 or 85.6 Mbytes of storage—about 33% more than the MiniStor drives. 
Access time is about 19 ms (just slightly slower than MiniStor) and the data-transfer rate is 4.5 | 


o ensure your company’s pos- 
itive performance in today’s keenly 
competitive marketplace, start with 
advanced materials and resources 
available from the engineering 
plastics leader. 

Get the precise combinations 
of properties you need from the 
industry’s broadest and deepest 
selection of resin chemistries, 
copolymers, alloys and composites. 
Optimize product design and devel- 
opment with hands-on assistance 
and proprietary programs like our 
unique Engineering Design 
Database. 

Enhance productivity and cost- 
efficiency with the significant pro- 
cess advances in progress at 
our massive Polymer Processing 
Development Center. Profit by 
GE Plastics’ worldwide presence 
and market expertise. 

NOVA Biomedical did, for their 
advanced Nucleus™ blood analyzer. 
Materials: Lexan® resin, foamable 
Prevex® resin, Cycolac® ABS resin. 
Resources: Design reviews; mate- 
rial, tooling and process selection. 
Results: Creative design with 
increased functionality and parts 
consolidation; reduced assembly 
and finishing for significant savings 
in cost. 

Partnership product develop- 
ment—only from GE. For more 
information, call: (800) 845-0600. 
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Mbytes/s over an IDE interface. The first versions will consume just 880 or 960 mW in their | 
idle modes (platters spinning but no reads or writes). Read and write accesses increase power | 
consumption to 2 to 3 W. Both Aura and NEC will offer nearly identical drives. However, Aura | 
would like to also embed portions of its drive technology into other companies’ systems. 
Contact Jim Miller at MiniStor, (408) 943-0165; and John Scott at Aura (408) 252-2872. DB 


By placing lossless data compression on the motherboard through a local-bus 
SINGLE CHIP ComP RESSES interface to the CPU, the 9706 chip can perform compression without any 


DATA LOCALLY negative impact on system performance. The device, a local-bus interface 
version of a data-compression chip from Stac Electronies Inc., Carlsbad, Calif., handles data 
transfers at rates exceeding 30 Mbytes/s. All that’s needed to incorporate it on PC mother- 
boards are two 32-kbyte static RAMs to hold the coding tables. Average data throughputs 
during compression of 2.5 Mbytes/s, and 6 Mbytes/s during decompression, enable the IC to 
operate transparently to the user. The chip also contains a special sleep mode that drops oper- 
ating-current consumption from about 100 mA to just 0.8 mA when idling. Thus, the chip be- 
comes an attractive option for portable PC motherboards, giving the system manufacturer a 
wider range of features to offer. Samples of the chip are immediately available and sell for 
$19.90 each in lots of 50,000. Contact Robert Lutz at (619) 431-7474. pB 


Hewlett-Packard’s Precision-Architecture RISC (PA-RISC) technology has 

CONSORTIUM BACKS gained worldwide acceptance since its inception. So much so that a consor- 

PA-RISC ARCHITECTURE tium, the Precision RISC Organization (PRO), is being formed to back the 

architecture. The first high-end system to incorporate PA-RISC came in September 1990, with 

mid-range systems arriving a few months later. Then HP announced its 9000 Series 700 family 

of desktop workstations, which offers 76 MIPS for under $21,000. PRO will establish a set of 

PA-RISC-related standards, including an application programming interface (API) and an ap- 

plication binary interface (ABI). The association will supply compliance verification and certi- 

fication services, and will license a trademark to products that comply with these standards. 

PRO has developed a list of standard APIs that are supported by HP-UX, HP’s version of 

Unix, as well as APIs that the organization expects will be supported by the OSF’s operating 

system, OSF/1. The API supplies a common source-code interface, improving application 

portability from non-PA-RISC architectures. The initial members of PRO include Convex, HP, 

Hitachi, Hughes, Mitsubishi Electric, Oki, Prime, Sequoia, and Yokogawa Electric. For more 
information, call PRO at (408) 447-4249. RN 


By lowering the sampling rate of its nonvolatile memory chip by a factor of 
20-SECOND ANALOG 0.8, Information Storage Devices, San Jose, Calif., increased the device’s 
EEP ROM FINDS A HOME storage time from 16 to 20 seconds. ISD introduced the 64-mil’ nonvolatile | 

analog memory, which provides better-than-telephone quality audio, just over a year ago 

(ELECTRONIC DESIGN, Jan. 31, 1991, p. 9). By offering 20 seconds of memory for under $6 in 

high volume, it becomes economically viable in mass-marketed telephone-answering ma- 

chines—those that sell to the consumer for under $100. It will thus replace the tape recorder, 

which usually provides the owner’s outgoing message. The 20-second version of the chip is 

called the ISD520 TAD (tapeless-answering device). Sanyo will design a line of machines 

around the IC as well as market the chip in Japan. ISD’s goal is a one-minute chip within a year, 


and ultimately an IC to store at least 30 minutes of speech. For additional information, call 
Steve Stephansen at (408) 428-1400. re 


COMPUTING AGREEMENTS To accelerate cooperative technology development between the Department 


of Energy (DOE) and the computer industry, three research agreements, 
TO AID DOE RESEARCH called CRADAs (cooperative research and development agreements), were 


reached. The participating companies are Cray Research Inc., Mendota Heights, Minn., and 
the Los Alamos National Laboratory, Los Alamos, Calif. The first CRADA calls for the devel- 
opment of a more accurate oceanic-atmospheric (whole-earth) model to study global climate 
change. The DOE has a unique expertise in computer analysis of complex phenomena, such as 
large-scale global modeling. The second CRADA aims to develop advanced software to simu- 
late electromagnetic-wave effects in ultra-high-speed electronic devices. That will reduce the 
cost of designing and developing advanced ICs. The third CRADA calls for the partners to col- 
laborate on improving their capabilities in computational chemistry to support studies on the 
dynamics of large molecules. RN 


It took 
QuickSim II 
just 
30 minutes 
to clean 
Verilog-XL's 
clock. 


In a recent simulation benchmark, our new QuickSim II" 
ran 120,000 vectors through a 25,000 gate design in just 30 
minutes. The Verilog-XL” simulator? An hour and a half! Even 
more amazing, QuickSim II shows comparable gains on designs 
of up to 100,000 gates. And fully supports sub-micron ASICs. 
Powerful tool technology. Proven tool integration. 


To beat the clock, call us. 1(800) 547-3000, Dept. 314. 
qGMen for CIRCLE 255 FOR RESPONSE OUTSIDE THE US. 


Verilog-XL is a trademark of Cadence Design Systems, Inc. QuickSim II is a trademark of Mentor Graphics. 
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RF TRANS 


Over 50 off-the-shelf models... 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequency 
range?...Mini-Circuits offers a solution. 6. 
Choose impedance ratios from 1:1 to 36:1, 

connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re- 
quirements*). Ultra-wideband response achieves low 


droop and fast risetime for pulse applications. Ratings T.7H TT 
up to 1000M ohms insulation resistance and up to 1000V T,TH, TT sive KKB 


dielectric voltage. For wide dynamic range applications involving 
up to 100 mA DC primary current, use the T-H series. 
Coaxial connector models are offered with 50 and 75 ohm THO 
impedance; BNC standard; request other types. ee res 
Available for immediate delivery with one-year guarantee. 

Call or write for 68-page catalog or see our catalog in 
EEM, or Microwaves Product Data Directory. 


“units are not QPL listed case styles 


T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 
TMO, case A 11, t case B 13 FT, FTB, case H 16 
NEW TC SURFACE MOUNT MODELS from 1MHz to 1500 MHz 


> NSN GUIDE 
finding new ways... NCLNO.  NeN jad i ee 
aes Niners standards FTB1-1-75 5950-01-132-8034  TMO2-1 — 5950-01-183-6414 
FTB1-6 5950-01 -225-8773 TMO2.5-6  5950-01-215-4038 
T1-1 5950-10-128-3745 TMO2.5-6T 5950-01-215-8697 
¥ n i. ; rc u f Ss T1i-1T 5950-01 -153-0668 TMO3-1T 5950-01 -168-7512 
T2-1 5950-01 -106-1218 TMO4-1 5950-01 -067-1012 
A Division of Scientific Components Corporation T3-1T 5950-01 -153-0298 TMO4-2 5950-01-091-3553 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 T4-1 5950-01 -024-7626 TMO4-6 §950-01-132-8102 \ 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 T9-1 5950-01-105-8153 TMO5-1T 5950-01-183-0779 * 
T16-1 5950-01 -094-7439 TMO9-1 5950-01-141-0174 


TMO1-1 5950-01 -178-2612 TMO16-1 5950-01 -138-4593 


FORMERS 


KHz-8OOMHz tran $325 


Q FREQUENCY INSERTION LOSS PRICE $ 
RATIO MHz 
case style number MODEL 3dB 2dB 1dB oy 
see opposite page NO MHz MHz MHz (1-9) 
At 5 nL eu 1 05-200 05-200 08-150 2-80 4.45 
T1-6T 1 003-300 003-300 01-150 02-50 6.95 
T2-1T 2 07-200 07-200 1-100 5-50 4.95 
T2.5-6T 25 01-100 01-100 02-50 50-20 4.95 
® s T3-1T 3 05-250 05-200 1-200 5-70 4.95 
PRI SEC T4-1 4 2-350 2-350 35-300 2-100 3.25 
T4-6T 4 02-250 02-250 05-150 0.1-100 4.45 
T5-1T 5 3-300 3-300 6-200 5-100 4.95 
T8-1T 8 03-140 03-140 10-90 1-60 7.95 
T13-1T 13 3-120 3-120 7-80 5-20 4.95 
T16-6T 16 03-75 03-75 06-30 1-20 5.65 
TH T4-1H 4 10-350 10-350 15-300 25-200 5.95 
TMO_ TMO1-1T 1 05-200 05-200 08-150 2-80 7.95 
TMO2-1T 2 07-200 07-200 1-100 5-50 8.45 
+TMO2.5-6T 25 01-100 01-100 02-50 05-20 8.45 
+TMO3-1T 3 05-250 05-250 1-200 5-70 7.95 
TMO4-1 4 2-350 2-350 35-300 2-100 6.25 
TMO5-1T 5 3-300 3-300 6-200 5-100 8.45 
TMO13-1T 13 3-120 3-120 7-80 5-20 8.45 
B* TT Ths 1 004-500 004-500 02-200 1-50 6.95 
TT15-1 15 075-500 075-500 2-100 1-50 5.95 
7 Pi TT25-6 25 01-50 01-50 025-25 05-10 6.45 
PRI SEC TT4-1 3 05-200 2-50 2-50 1-30 5.95 
TT4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 6.95 
TT25-1 25 02-30 02-30 05-20 1-10 9.95 
TTMO_ TTMO25-1 25 02-30 02-30 05-20 1-10 11.95 
TTMO1-1 1 005-100 005-100 01-75 05-40 11.45 
TTMO4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 13.95 
— 
Cc 4 este 1 15-400 15-400 35-200 2-50 3.25 
T1.18-3 1.18 0.01-250 0.01-250 0.02-200 0.03-50 5.65 
T1-6 1 01-150 01-150 02-100 05-50 5.65 
T1.5-1 1.5 1-300 1-300 2-150 5-80 4.45 
15-6 15 02-100 02-100 05-50 0.1-25 5.65 
° Ne T2.5-6 25 01-100 01-100 02-50 05-20 4.45 
PRI SEC T4-6 4 02-200 02-200 05-150 1-100 4.45 
T9-1 C) 15-200 15-200 3-150 2-40 3.95 
T16-1 16 3-120 3-120 7-80 5-20 4.45 
T36-1 36 03-20 03-20 05-10 1-5 6.95 
TO 10-75 1 10-500 — 10-500 40-250 6.95 
TH Ti-1H 1 8-300 8-300 10-200 25-100 5.95 
T9-1H co) 2-90 2-90 3-75 6-50 6.45 
T16-H 16 7-85 7-85 10-65 15-40 6.45 
TMO_ TMO1-02 1 1-800 1-800 2-500 — 9.45 
TMO1-1 1 15-400 15-400 35-200 2-50 6.25 
TMO1.5-1 15 1-300 1-300 2-150 5-8 8.45 
+TMO2.5-6 25 01-100 01-100 02-50 05-20 7.95 
+TMO4-6 4 02-200 02-200 05-150 1-100 7.95 
TMO6-1 é 3-200 3-200 5-150 5-50 7.95 
TMO9-1 9 15-200 15-200 3-150 2-40 7.95 
TMO16-1 16 3-120 3-120 7-80 5-20 7.95 
| 4 | 

D T q2-1 2 050-600 050-600 1-400 5-200 3.95 
T3-1 3 5-800 5-800 2-400 - 4.45 
-< - T4-2 4 2-600 2-600 5-500 2-250 3.95 
T8-1 8 15-250 15-250 25-200 2-100 3.95 
PRI SEC T14-1 14 2-150 2-150 5-100 2-50 4.95 
TMO_ 1MO2-1 2 050-600 050-600 1-400 5-200 7.95 
TMO3-1 3 5-800 5-800 2-400 = 8.45 
4 TMO4-2 4 2-600 2-600 5-500 2-250 7.95 
4 TMOB-1 8 15-250 15-250 25-200 2-100 7.95 
TMO14-1 14 2-150 2-150 5-100 2-50 8.45 
FT Ft.22-1 1.22 005-100 005-100 01-50 05-25 35.95 
FT1.5-1 15 1-400 | _.1-400 5-200 1-100 35.95 

e e 
FTB-1 1 2-500 2-500 5-300 1-100 36.95 
E PRI SEC FIB EBi's \ 01-125 01-125 05-50 1-25 36.95 
=FTB-1-75 1 5-500 5-500 5-300 10-100 36.95 
T-622 1 0.1-200 0.1-200 0.5-100 5-80 3.25 
T626 1 0.01-10 0.01-10 0.2-5 04-2 3.95 


® Denotes 75 ohm models 
* FOR A AND B CONFIGURATIONS 


Maximum Amplitude Unbalance Maximum Phase Unbalance 
0.1 dB over 1 dB frequency range 1,0° over 1 dB frequency range 
0.5 dB over entire frequency range 5.0° over entire frequency range 
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TECHNOLOGY ADVANCES 


IMPROVED SPECTROGRAM ALGORITHM 
BOOSTS THROUGHPUT, INCREASES RESOLUTION 


new spectrogram, 
based on the Gabor 
transform, over- 


comes the limitations of 
spectrograms based on the 
short-time fast-Fourier 
transform (STFT). Devel- 
oped by National Instru- 
ments Inc., Austin, Texas, 
the spectrogram can per- 
form calculations four to 
six times faster than a slid- 
ing FFT. It can also deliver 
four to eight times better 
resolution. In traditional 
frequency analysis used 
for such applications as 
speech, sonar, and vibra- 
tion analysis, information 
concerning the time at 
which a sound occurs isn’t 
available. Consequently, 
joint time-frequency anal- 
ysis (JTFA) techniques 
must be used to view the 
time and frequency infor- 
mation simultaneously. 

The STFT spectrogram 
is the most-commonly used 
approach to view informa- 
tion when performing 
JTFA. For each slice of 
windowed data, the fre- 
quency spectrum is com- 
puted with FFTs. The time 
index of the frequency in- 
formation is assumed to be 
in the middle of each slice 
of windowed data. A com- 
plete 3D spectrogram can 
then be established by 
stepping the window to the 
right in some regular time 
interval and recomputing 
the spectrum. 

However, STFT spectro- 
grams do have limitations. 
For instance, the choice of 
window type and length 
can distort the output spec- 
trum. A wide window gives 
good resolution in the fre- 
quency domain but poor 
resolution in the time do- 
main. Conversely, a nar- 


row window gives good 
time-domain resolution 
but poor frequency-do- 
main resolution. Further- 
more, the STFT requires a 
considerable set of compu- 
tational resources—the 
FFT must be calculated at 
each point in the input 
waveform to produce a 
complete spectrogram. 
Most STFT systems, 


Fourier transform, the Ga- 
bor spectrogram avoids 
the limitations of the STFT 
spectrogram (Dennis Ga- 
bor, the Hungarian-born 
British physicist, first pos- 
tulated the transform in an 
article “Theory of Commu- 
nication” published in the 
Journal of the IKE in Lon- 
don in Nov., 1946). The 
combination of the Gabor 


The Gabor transform is defined as: 
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hmn(i) = hG-mAM)Wy. Ymn(i) = yG-mAM)Wy. 


where: 


nANi 


s(i) is the discrete time-domain signal, 


Cyn is a Gabor coefficient, 

hy, n(i) is the basis Gaussian function, 

Ym,n(i) is called the biorthogonal auxiliary function, 
AM, AN are sampling intervals in the time and fre- 


quency domain. 


though, use only about 
half their data points to 
maintain an acceptable 
throughput level. 

Good joint time-frequen- 
cy representation is diffi- 
cult to achieve with STFT. 
When looking at a spectro- 
gram, the sidelobe leakage 
from the FFT results in a 
smearing of the STFT 
spectrogram. That makes 
it difficult to detect individ- 
ual formants. In contrast, 
the Gabor spectrogram is 
optimized for both time 
and frequency resolution. 
The resulting intensity 
plot shows very distinct 
transitions from one sound 
to another. 

By employing a Gabor 
transform rather then a 
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transform and another al- 
gorithm known as the 
Pseudo Wigner-Ville Dis- 
tribution (PWVD) trim the 
computational time. The 
incoming signal is first 
mapped to a set of discrete 
Gabor coefficients in the 
time-frequency domain. 
The Gabor transform 
represents the signal as a 
linear combination of time- 
and-frequency-shifted 
Gaussian functions. Once 
the coefficients are com- 
puted, the spectrogram is 
generated by applying the 
PWVD to the set of Gauss- 
ian functions. One key as- 
pect of the Gabor spectro- 
gram is that the analytical 
solution of the PWVD of 
the Gaussian function is 
DESIGN 
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known. Therefore, many 
computations can be done 
in advance and placed in a 
lookup table for use in the 
future. 

The heart of the Gabor 
spectrogram is the discrete 
Gabor transform, which is 
computed using two spe- 
cific equations (see the fig- 
ure). In the calculations, 
it’s important to obtain 
unique Gabor transform 
pairs. That’s accomplished 
by selecting gamma(i) sim- 
ilar in shape to h(i). Gam- 
ma(i) is a biorthogonal aux- 
iliary function; h(i) is the 
basis Gaussian function. 

Computing the Gabor 
coefficients is very effi- 
cient because only a frac- 
tion of the number of coef- 
ficients required by the 
STFT are needed to accu- 
rately represent the origi- 
nal signal. A six-fold 
throughput improvement 
can be attained with the 
Gabor transform versus 
the STFT for the same data 
set. The Gabor spectro- 
gram also achieves a better 
signal-to-noise ratio in the 
output intensity plot. The 
higher SNR is obtained be- 
cause the Gabor coeffi- 
cients better reflect the lo- 
cal behavior of a signal, re- 
sulting in a higher signal- 
energy concentration in 
the joint time-frequency 
domain. 

National Instruments 
has incorporated the Ga- 
bor transform as a virtual 
instrument under its Lab- 
View graphical program- 
ming system for data ac- 
quisition and analysis. 
When coupled with a data- 
acquisition board, the sys- 
tem allows users to trans- 
form signals into Gabor 
spectrograms and display 
the signals as a 2D intensi- 
ty plot of time-frequency 
data. 

DAVE BURSKY 


“P-CAD helps us 
transform abstract 
engineering 
concepts into 
sound designs.” _ 


‘eff Rowland, President 


Sound PCB designs, with P-CAD® software. 

Jeff Rowland Design Group creates high end audio 
products that are not only elegant in design, but are 
technically innovative as well. 

The Jeff Rowland product design strategy emphasizes 
the control of complex field interactions and electrical 
geometries. And this task demands the finest PCB design 
software available. 

P-CAD designed PCB products give Jeff Rowland 
engineers the speed and features they need to design 
minimum area layouts with custom path geometries. 

P-CAD also combines an easy to use interface with 
end-to-end integration, so audio electronics designs 
can be completed and verified to support the world’s most 


P-CAD products, unique 
as your application. 
P-CAD products include all the 
interactive and automatic tools 
you need to complete PCBs, 
from symbol creation through 
manufacturing. 

All made possible by P-CAD’s 
open architecture and its inter- 
faces to a wide range of third 
party tools such as VIEWlogic® 
P-CAD lets you easily exchange 
PCB files with your favorite 
mechanical CAD programs such as CADAM’s MICRO 
CADAM® And whether it’s a DOS or UNIX®- based 
solution you’ re looking for, there is a P-CAD product that 
is engineered to meet your desktop 
PCB design needs. 


Now hear this. Here’s how 
to get a free P-CAD demo* 


When it comes to designing better 
PCBs faster and more productively, 
the advantages of P-CAD are definitely worth hearing 
about. To take advantage of this free offer for a hands-on 

demonstration, just call us for the name of your nearest 


A CADAM Value Added Reseller. If you think this offer sounds 


demanding product quality and performance criteria. % w great, simply call today toll- free: 1-800-255-5710. 


CADAM 


AN IBM COMPANY 
World Class PCB CAD Productivity 


*Available from CADAM Value Added Resellers. Contact CADAM for details. IBM is a registered trademark of International Business Machines Corp. CADAM and MICRO CADAM are registered trademarks of CADAM INC. P-CAD is a registered trademark of 
Personal CAD Systems, Inc. UNIX is a registered trademark of UNIX Systems Labs, Inc. VIEWlogic is a registered trademark of Viewlogic Systems, Inc.CADAM INC, 1935 N. Buena Vista St., Burbank, CA 91504. ©1992 CADAM INC. 
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TECHNOLOGY ADVANCES 


FDDI MOVES To THE DESKTOP 
ON TWISTED-PAIR LINES 


Ithough the 100- 
Aj s data rate and 

the 2.5 x 10°” bit-er- 
ror rate of the FDDI (Fiber 
Distributed Data Inter- 
face) are desirable for net- 
working desktop comput- 
ers and peripherals, the 
high cost of adapter cards 
is a major stumbling block. 
Where Ethernet adapter 
cards are available for un- 
der $200, the $1500 price 
tag for an FDDI card is 
prohibitive for most appli- 
cations. A large part of this 
cost comes from the optoe- 
lectronic transceiver that 
connects networked termi- 
nals to fiber-optic cables. 
Another problem stems 
from present standards 
that call for fiber-optic ca- 
ble to be routed from the 
FDDI backbone to the 
desktop—a costly outlay 
for buildings already wired 
for Ethernet or Token 
Ring networks. 

These problems can be 
solved when the FDDI 
standard, which currently 
specifies only fiber-optic 
cable, is expanded to in- 
clude twisted-pair copper 
wire as the transmission 
medium. Bringing twisted- 
pair wire to FDDI cuts the 
cost of adapter cards by al- 
lowing the transceiver to 
be made with standard sili- 
con processes. This re- 
duces transceiver cost to 
about $200. Another bene- 
fit is that twisted-pair cop- 
per wiring for network 
connections is already 
widely installed. However, 
the transition from fiber to 
copper wiring reintro- 
duces the problems that 
caused the industry to se- 
lect fiber over copper for a 
100-Mbit/s network in the 
first place: copper’s high 


attenuation, EMI and RFI 
noise-generation and sus- 
ceptibility, and its low sig- 
nal-to-noise ratio. 
Searching for a solution 
to these objections, the 
ANSI X8T9.5 TP-PMD 
working group has looked 
at three types of twisted- 
pair wiring. Shielded twist- 
ed-pair (STP) wiring is a 
two-pair, 150-9 cable con- 
sisting of individually 
shielded pairs contained 
within a shielded outer 
jacket. Referred to as IBM 
Type 1, the wire has a spe- 
cific number of twists per 
foot and is used in token- 
ring networks. Data- 
grade, unshielded twisted 
pair (DTP) has tight toler- 
ances on crosstalk, attenu- 
ation, and impedance char- 
acteristics. Referred to as 
IBM Type 3 or AT&T Cate- 
gory 5, DTP is often used 
for 10Base-T Ethernet wir- 
ing. Distributed inside 
wire (DIW) is a voice- 
grade, unshielded twisted- 
pair cable commonly used 
for telephone installations. 
Also referred to as AT&T 
Category 3, this cable has 
no guaranteed number of 
twists per foot and thus no 
accurately predicted cross- 
talk, attenuation, and im- 
pedance characteristics. 
It’s easier to meet FCC 
requirements for electro- 
magnetic interference by 
using STP. But users gen- 
erally prefer using the 
same copper FDDI adapt- 
er card with data- or voice- 
grade unshielded-twisted- 
pair cable at distances up 
to 100 meters. Since imple- 
menting new silicon for 
FDDI DIW could take up 
to three years, the stan- 
dards committees have 
considered using separate 
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standards for data-grade 
and voice-grade cabling. 
However, new encoding 
schemes under evaluation 
may this solve the problem. 

The primary objective of 
these schemes is to lower 
the frequency of the trans- 
mitted signal without re- 
ducing data rates. This 
would satisfy the data-rate 
requirements of other 
parts of the FDDI network 
while complying with FCC 
EMI and RFI require- 
ments. The encoding 
scheme specified by FDDI 
for fiber transmission is 
NRZI (nonreturn to zero, 
inverted), which uses a 
two-level (logic high and 
low) waveform to reduce 
the data-flow frequency 
from 125 MHz to 62.5 MHz. 
To provide noise immunity 
and meet FCC copper re- 
quirements, the X3T9.5 
working group is evaluat- 
ing two proposals for modi- 
fied NRZI encoding. 

The first proposal comes 
from Crescendo Communi- 
cations, Sunnyvale, Calif., 
and is co-sponsored by 
AT&T, British Telecom, Fi- 
bronics International, 
Hewlett-Packard Co., and 
Ungermann-Bass Inc. 
Called MLT-8, this scheme 
uses a scrambled, three- 
level NRZI-like waveform 
with three voltage levels. 
At the receiver end, the 
voltage difference be- 


tween high and low logic 
levels is 110 mV. This type 
of coding requires dynamic 
adaptive equalization to ac- 
count for different cable 
lengths. Post-compensa- 
tion is employed at the re- 
ceiver end to boost the sig- 
nal-to-noise ratio. 

The second proposal 
from National Semicon- 
ductor, Santa Clara, Calif., 
and Cabletron Systems 
Inc., Rochester, N.H., uses 
a pre-compensated two- 
level NRZI signal. Called 
100Base-T by its propo- 
nents, this encoding 
scheme provides a 180-mV 
step voltage at the receiver 
end. Like MLT-3, it re- 
quires a scrambling circuit 
for DTP cable, but doesn’t 
need adaptive equaliza- 
tion. The performances of 
both approaches are being 
tested by Hewlett-Pack- 
ard’s communications lab- 
oratory in Austin, Texas. 
Even if one system exhib- 
its a slight advantage over 
the other, the ultimate 
choice will hinge on the sili- 
con cost and the cost of sys- 
tem implementation. 

These and other FDDI- 
related issues will be exam- 
ined in detail at this year’s 
Silicon Valley Networking 
Conference, to be held at 
the Santa Clara Conven- 
tion Center, Santa Clara, 
Calif., April 27-29. 

MILT LEONARD 


DEEP-ETCH LITHOGRAPHY YIELDS 
0.5-MM DIAMETER MOTORS 


not department: An 
electric motor so small 
that it takes a microscope 
to recognize its details. 
Such a motor is no illu- 
sion. It’s a down-to-earth 
device and one of the latest 
developments in microme- 
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chanics, the emerging 
technology for fabricating 
inexpensive structural ele- 
ments with dimensions in 
the millimeter to micro- 
meter range. 

The electrostatic step- 
ping motor, resulting from 
work at the Institute for 


AWESOME 


TEK-AT3 


We think this is the best way to describe the new TEK-ATS3 all CMOS 386DX 
single board computer. And rightly so. Because the TEK-AT3 comes standard 
with a powerful 33 Mhz CPU, high performance Cache memory, and acapacity to 
support up to 16 Megabytes of DRAM. 


Plus, you get all the bells and whistles you’ve come to expect from conventional 
PCs: hard disk interface, floppy disk controller, serial and parallel ports. 


And like all Teknor computer cards, the TEK-AT3 benefits from the latest inno- 
vative technologies. Options like 1 Meg of onboard programmable Flash EPROM, 
1 Meg of battery-backed SRAM, and the ability to boot from Flash EPROM disk 
offer possibilities never before conceived on a7 x 4.7" PC/AT form factor. 


In fact, when you consider all the advantages the TEK-AT3 
will bring to your system designs... you'll think it’s 
awesome, too! 


Call us today at 1-800-387-4222 
for your free literature package. : 
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P.O. Box 455, Sainte- Therese (Quebec), Canada J7E 4J8 ® Tel: (514) 437-5682 © Fax: (514) 437-8053 


HARRIS GENERATES 
ASTOUNDING 


) Ordinary high-speed op amp 


/\ 


PRODUCT CONFIGURATION 


HFA1100 op amp Standard pinout 
HFA1120 op amp Output offset adjust 


This HFA1100 family’s fast performance is made possible by 
Harris’ unique UHF-] process. The shallow structure of UHF-1 
transistors is the result of bonded wafer technology. 


HFA1130 clamped op amp User-defined output clamp 
HFA1110 buffer Standard buffer pinout 
HFA1112 buffer Standard op amp pinout 


Once again, the latest fast as the old record with a bandwidth so 
breakthrough in ultra- holder. And just what huge. Providing excellent 
high-speed op amps fast-thinking engineers __ phase linearity and a 
comes to you from Harris. like you have been remarkable gain flatness 

This time, it’s the waiting for. Quickly of 0.14 dB to 100 MHz. 
HFA1100. Three times as imagine what youcando And your creativity 


INNOVATIONS WITH 
FREQUENCY. 


-3dB BANDWIDTH 1107894 MHz 
AV=+1 _HFA1100 REF= 


CHI '21 log MAG 5 dB/ REF -15_ dB ] 
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START 10.000 000 MHz STOP 3.000.000 000 MHz 


APPLICATIONS 

High-Resolution Displays | 

RF Transmitters/Receivers J , 

Medical Imaging Systems J. HFA1100/20/30 HFAIII0/12 

Radar Systems 1 -3dB Bandwidth 870 MHz >a 

. Slew Rate 2500V/tsec 2500V/usec 

Fash M D Divers Settling Time (0.1%) 11 ns 7 

Video Switching and High Current Output 60 mA 

Routing/Line Drivers Temperature Range  -40°C to 85°C 

Fiber Optics Packages B-pin PDIP, 

CerDIP, SOIC CerDIP, SOIC 
Prices (100s) $9.95 $5.95 

needn’t stop with stan- design system. 
dard products. Because So rev up your oscillo- 
the UHF-1 process is scopes. And get your 
available in semicustom, hands on some HFA1100s Go HARRIS 


as part of Harris’ industry- today. Just call 1-800-4- 
leading FASTRACK" HARRIS, ext. 1173. CIRCLE 258 FOR U.S. RESPONSE 
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Microstructure Technolo- 
gy in Karlsruhe, Germany, 
has a rotor whose diameter 
is less than 0.5 mm (see the 
photo). Surrounded by six 
stator segments, the 100- 
pm-high rotor turns on an 
axis with a radius of about 
120 ym. The motor is made 
of galvanized nickel. 

The institute, which is 
part of the Karlsruhe- 
based Nuclear Research 
Center, has readied work- 
ing samples of its micromo- 
tor. Using voltages in the 
order of 100 V, its stator 
segments produce the al- 
ternating field needed to 
turn the rotor. The stator’s 
and rotor’s adjacent areas 
are toothed to make the 
electrostatic attraction be- 
tween them, and hence the 
motor’s driving force, as 
high as possible. At its pre- 
sent state of development, 
the motor turns at 50 revo- 
lutions/s. Some samples 
have reached 80 revolu- 
tions/s. 

Similar micromotors 
have also been developed 
elsewhere, at U.S. univer- 
sities, for example. But 
these are made of polysili- 
con and are relatively flat. 
The Karlsruhe motor, by 
contrast, can be several 
hundred micrometers 
high, and that makes for 
greater forces. 

The institute’s process 
for fabricating arbitrarily- 
shaped 3D microstruc- 
tures, such as the stepping 
motor, is based on deep- 
etch synchrotron lithogra- 
phy, electroforming, and 
plastic molding. The LIGA 
process (its name derives 
from the German words 
for lithography, electro- 
forming and molding) al- 
lows microstructures of 
any lateral shape to be 
made with structural 
heights of several hundred 
micrometers, lateral di- 
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mensions down to 1 ym, 
and with sub-micrometer 
accuracy over the struc- 
ture’s total height. 
Moreover, different ma- 
terials like plastics, metals, 
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and ceramics, or a combi- 
nation of these, can be 
used. The LIGA process 
can be applied to various 
technologies, including mi- 
cromechanics, microop- 
tics, and integrated optics, 
as wellas sensors andactu- 
ators. The Karlsruhe insti- 
tute has extended its pro- 
cess to allow free-moving 
oscillating or rotating mi- 
crostructures to be made. 

In preparing a substrate 
for the LIGA process, a 
thin silver layer for the 
electrical contacts is depos- 
ited onto the insulating 
substrate, which may be a 
ceramic or silicon wafer. 
Next, a titanium layer, a 
few um thick, is sputtered 
onto the substrate. 

This titanium layer 
serves as the sacrificial 
layer. It guarantees good 
adhesion of the X-ray re- 
sist to the substrate and 
constitutes a plating base 
for the electrodeposited 
structures. The titanium 
layer is patterned by con- 
ventional photolithogra- 
phy and wet etching. 

The substrate so pre- 
pared is then subjected to 
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the LIGA process steps. A 
resist layer, several hun- 
dred micrometers high, is 
polymerized directly onto 
the substrate and exposed 
to synchrotron radiation 


oat 
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through an X-ray mask 
that’s precisely adjusted to 
the patterned titanium sac- 
rificial layer. This adjust- 
ment positions the mov- 
able parts of the micro- 
structure on top of the tita- 
nium layer. The fixed parts 
are placed on the sub- 
strate’s metallized areas. 


The irradiated resist is 
subsequently removed and 
a complementary struc- 
ture is built up by electro- 
depositing a metal. After 
stripping the resist, the ti- 
tanium sacrificial layer is 
selectively etched against 
the overlying and underly- 
ing metals using hydroflu- 
oric acid. After this etching 
process, certain parts of 
the microstructure remain 
firmly attached to the sub- 
strate while other parts 
can move freely. 

According to the insti- 
tute, the micromotor sam- 
ples in their present form 
serve for demonstration 
purposes; they would hard- 
pressed to find any applica- 
tions. But once modified 
and perfected, the micro- 
motor could be used in 
measurement and control 
equipment; robots; and 
medical electronic systems 
for purposes of switching, 
for operating valves, and 
for adjusting miniature mi- 
cropumps. 

JOHN GOSCH 


SIMPLE SERIAL BUS EASES 
PC-PERIPHERALS INTERCONNECT 


Ithough most desk- 
A and portable PC- 

compatible comput- 
ers pack multiple I/O ports 
and expansion-card slots, 
those ports and slots often 
require long bulky cables 
or shutting the machine 
down and opening it up be- 
fore installing the hard- 
ware. Now, however, a 
moderate-speed serial bus 
that operates at 100 kbits/s 
promises to give PC users 
the same and more flexibil- 
ity than the Apple desktop 
bus offers Macintosh sys- 
tem users. Called Access- 
-bus by its developer, Phil- 
ips-Signetics Corp., Sunny- 
vale, Calif., the bus was 
DYE "SI. ¢ N 
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originally created with 
Digital Equipment Corp., 
Maynard, Mass., and is 
used by DEC on its RISC- 
based workstations fam- 
ily. 

The commercial “open” 
version of Access.bus dif- 
fers slightly from the ini- 
tial DEC version—it uses a 
5-V supply and can access 
125 peripherals, while the 
initial version uses a 12-V 
supply and is limited to 14 
peripherals (DEC plans to 
upgrade its hardware to 
the open version). Based on 
the patented Philips inter- 
IC (I°C) bus, the scheme re- 
quires just two active sig- 
nal wires—one for data 


In The World Of 
Microelectronics, Bigger Is Better. 


When you're wrestling to find space for a hybrid on 
a packed board, you want the smallest, lightest product 
you can find. 


But when you're looking 
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for small, lightweight 
hybrids in large quantities, 
you need the capabilities of 
a big, powerful company. 

A company that can handle 


Raytheon currently produces over 
400,000 high-reliability hybrid 
assemblies a year, including MCMs, 
as well as MIBs (Multilayer Inter- 


" connect Boards, SEM-A through E). 


high-reliability and high-volume at the same time. 
Raytheon is the largest manufacturer of high- 
reliability hybrids in the world. Our fully-integrated, 


MIL-STD-1772 certified facility is dedicated to the design, 


production and testing of hybrid microelectronics, and 
includes more than 130,000 square feet devoted to fully 
automated manufacturing, with more than 75% better 


than Class 100,000. 
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Hybrid 


We use high-precision robotic assembly, automated 
100% wire bond pull testing, automatic parametric test- 
ing, and automatic vision systems for 100% inspection. 
As a result, we can handle high-volume production of 
hybrids that meets virtually any system requirements. 
We could even double our hybrid production, without 
sacrificing quality or reliability. 

When it comes to hybrids themselves, small is beau- 
tiful. But when you're selecting a company you can rely 
on to supply you with those miniature hybrids and still 
maintain high-reliability at high-volume, bigger is defi- 
nitely better. 

To learn more about our high-reliability hybrids, call 
or write for technical support and applications assistance. 
Raytheon Company, Electronic Components Division, 
465 Centre Street, Quincy, MA 02169. (617) 984-8505. 
FAX: (617) 984-4199. 


Raytheon 


Where Quality Starts With Fundamentals. 


and one for the clock. Two 
more conductors can be 
used in the cable for power 
and ground. 

The bus’ 100-kbit/s data 
rate yields an actual infor- 
mation transfer rate of 
about 80 kbits/s—more 
than adequate for mo- 
dems, faxes, keyboards, 
mice, hand scanners, and 
low-to-moderate-speed 
peripherals. If power lines 
are included in the cable, 
the bus can also power the 
peripherals it connects to, 
up to a maximum current 
of 500 mA. 

Besides offering a sim- 
ple two- or four-wire con- 
nection, the bus allows per- 
ipherals to “hot plug” into 
a system. Each peripheral 
with the Access.bus port 
uses a microcontroller that 
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“announces” its presence 
on the bus when the unit is 
plugged in. 

The host system’s Ac- 
cess.bus port polls the bus 
regularly. When it detects 
a peripheral not in its bus 
map, it updates the bus 
map, adding the device to 
the list of available re- 
sources and assigning the 
device an address. The sys- 
tem then sends an acknow- 
ledgement signal to the pe- 
ripheral to turn off the an- 
nouncement. The entire op- 
eration takes just a few 
milliseconds. 

The bus is aimed at three 
basic types of peripherals 
commonly used in desktop 
and portable computing— 
keyboard-like data-entry 
systems; positioning sys- 
tems, such as mice; and 


data-stream peripherals, 
including modems and fac- 
simile units or hand-oper- 
ated scanners. Unlike Ap- 
ple’s Desktop Bus scheme, 
which is a somewhat sim- 
ple network with devices 
daisy-chained from one pe- 
ripheral to the next, the Ac- 
cess.bus is a simple two- 
wire bus: Peripherals sim- 
ply tap all of the wires just 
like a connector taps the 
expansion bus on the PC 
motherboard. The Access- 
.bus can have a maximum 
cable length of 8 meters. 
Because the Access.bus 
is a bus-topology network, 
devices are distinguished 
by unique identification 
strings. Strings are de- 
fined for protocol and mod- 
ule revision, vendor and 
module name, and device 


number. This data can be 
integrated into the periph- 
eral and read out by the 
host during configuration. 

Non-handheld peripher- 
als built for the Access.bus 
should contain two female 
connectors that internally 
form the internal ‘“‘T” con- 
nector. Handheld units 
might typically havea dedi- 
cated cable or a single fe- 
male connector, and they 
come with a separate “T”’ 
connector that attaches to 
an existing cable. The host 
system need only have one 
female connector. Cables 
would typically be male-to- 
male. The simple four-con- 
tact male and female con- 
nectors are available from 
various suppliers, includ- 
ing Amp and Molex. 

The message format 


Your 


GEN. MANAGEMENT supplier ?* 


Employee turn-over 
approaches zero 

Filled 100,000 plus 

piece orders for 
Fortune 500 companies 
Slot-card technology 
pioneer, ie., excess of 20 yrs. 


100% FCC & U.L. certified 


Products currently employed 
in rigid Belcore applications 
Provided product into 
Desert Storm 


Implemented a formal 
customer service 
organization 

Excess of 100,000 product 
catalogs mailed annually 


Diversified 
Reveals Its 


If your single board computer 
contact DTI to solve 


ENGINEERING Supplier 27% 


State-of-the-art Vv 
development tools 
New product development 


cycles completed in 
under 60 days 


All oe designs 
performed in-house 


Routinely develops custom 
hardware products 


Provide custom BIOS 
Considered the technology 
leader in product 

market place 

All products fully validated 
to insure industry 
standard compatibility 


Your 
Supplier 


FINANCE 


Computerized financial 
system, from order entry 
to final invoice 

Financial performance 
rated in upper 10% of 
Fortune 500 companies 
Committed ongoing capital 
equipment program 
Financial independence, 
ie., no outside investors 


Inventory turns more 
than 5 times per year 
Routine statistical cycle 
counting of inventory 

40 consecutive quarters 
of profitability 


BOGGS : 


used for communication 
between the host system 
and the Access.bus periph- 
eral consists of three open- 
ing bytes of header infor- 
mation. They contain the 
destination address, the 
source address, a protocol 
flag bit, and the length of 
the data transfer (1 to 127 
bytes). Following the head- 
er are the data bytes, anda 
checksum byte ends the 
packet. Messages are ei- 
ther data stream (protocol 
flag = 0) or control/status 
information (flag = 1). 

The packetized protocol 
limits each interactive pe- 
ripheral to occupy the bus 
for no more than 8 ms ata 
time. That ensures the oth- 
er devices have a chance to 
update the screen every 
frame time and thus have 
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WANT TO GO? 


he first Access- 
-bus develop- 
er’s conference 
will be hosted 
by Philips-Signetics on 


April 22 at the Tech- 
mart Center in Santa 
Clara, Calif. There’s no 
registration fee. Call 
Sharon Baker for de- 
tails at (408) 991-3518. 


the system operate in real 
time. Non-interactive peri- 
pherals can become a bus 
master for 5 ms ata time, 
and must allow at least 12 
ms from the time they re- 
linquish the bus to the time 
they can again request to 
bea bus master. 

All of the protocol and 
data transfers are handled 


by a dedicated microcon- 
troller—a version of the 
80C51 that includes 16 
kbytes of ROM or 
EPROM, 256 bytes of 
RAM, two 16-bit timer- 
counters, four 8-bit I/O 
ports, a full-duplex UART, 
and special low-power 
modes to trim power dur- 
ing idle conditions. The 
838C654/87C654 acts as an 
interface converter and 
FIFO buffer, eliminating 
protocol overhead from the 
device driver and host. 

One of the first compa- 
nies to specialize in Access- 
-bus products, Computer 
Access Technology Corp., 
Sunnyvale, Calif., is devel- 
oping a PC/AT bus-inter- 
face adapter that will allow 
developers or users to add 
Access.bus capability to an 


existing PC. The company 
will develop standard prod- 
ucts as well as offer design 
consulting services. 

Free copies of the Ac- 
cess.bus definition (ver- 
sion 1.1) are available from 
Philips-Signetics; contact 
Sharon Baker at (408) 991- 
3518. A development kit 
with some MCUs, cables, 
connectors, source code 
for typical applications, 
and a PC adapter card will 
also be available in the late 
second or early third quar- 
ter. There’s no royalty or 
licensing fee for using the 
Access.bus standard. The 
interface board will be 
available in the third quar- 
ter. Contact Dan Wilnai, 
Computer Access Technol- 
ogy, (408) 732-8910. 

DAVE BURSKY 


Technology, Inc. 
Secret Of Success... 


supplier does not meet these requirements, 
your computer needs. 


Your 
Supplier 


Your 
Supplier DTI 


MANUFACTURING 


All products 
manufactured in-house 


Strong "Buy America” policy bo” | 


v 
Perform double sided 
pee 


DTI 


Diversified 
Technology °’ 


An Ergon Co. 


QUALITY 


® 
{J 
lv i us toll free for orders and information. 


a 1-800-443-2667 


100% SPC trained staff 
(Statistical Process Control) 
SPC 10-week training 
classes conducted in-house 
on continuing basis 
l¢ board computers 

subjected to 24 2-hour 
thermal shock cycles 
(0-70'c) under power 
Anti-static devices 
te rovided for products 

each shipment 
Rigid quality tests 
conducted on all 


surface mount technology 
All computer products 
environmentally stressed 
prior to shipment 
State-of-the-art 
MRP computer system 
Rigid configuration 
control system 

All components bought 
against formal 
component specifications 


U.S.A. - (601) 856-4121 
Fax (601) 856-2888 
Outside U.S.A. - (201) 891-8718/Fax (201) 891-9629 


ordered parts 
received & shipped 


CIRCLE 240 FOR U.S. RESPONSE 
CIRCLE 241 FOR RESPONSE OUTSIDE THE U.S. 


Toshiba ships world’s first NEURON’ CHIPS. 


Good news for companies using LONWORKS technology. 


The fact that Toshiba is the first company to ship the NEURON 3150™ CHIP in production quantities means 
different things to different companies. 
For companies already using LONWORKS”™ technology and tools from Echelon’ it 
means they can get their new generation of intelligent products to market very quickly. 
trol And for companies that aren't using LONWORKS technology and tools, it means 
they're about to face some stiff competition. - Ps yo, 
LONWORKS technology lets you build — HALL ie 
control networks into products andenvironments 
for intelligent distributed control applications. Quickly and inexpensively. To produce products that are able to interoperate and 
perform more functions, more efficiently. 
Each LONWORKS control network is made up of a series of ‘‘nodes’’ that communicate with each other. At the core of each 
node is one of two NEURON CHIPS from Toshiba: the NEURON 3120” CHIP for applications where size and cost are most critical; 
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Wie 


© Echelon 


©)1992 Echelon Corporation. LONWoORKS, LONBUILDER, LONTALK. 3120 and 3150 are trademarks, and Echelon, LON and NEURON are registered trademarks of Echelon Corporation. Other names may be trademarks of their respective companies 
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Bad news for companies that aren't. 


and the NEURON 3150 CHIP with external memory support for more complex functions. Each node also contains an interface to 
communicate with other nodes over a wide range of standard media using the common LONTALK” protocol. And to design those 
LONWORKS nodes into your products quickly and inexpensively, there’s the PC-based 
LONBUILDER™ 2 Developer's Workbench. 

More than 200 companies, many of them on the Fortune 100 list, are using LONBUILDER 
2 Developer's Workbenches right now to design and develop more intelligent, more 
competitive products. 

If you're one of them, congratulations. With Toshiba shipping NEURON CHIPS in 
quantity, you're that much closer to bringing your new products to market. 

And if you're not already using LONWORKS technology and tools, don’t give up. Toshiba and Echelon are ready to help you 
get started. Call the LONWORKS Hotline at 1-800-879-7566. Fax 1-415-856-6154. (From outside the U.S., please fax.) Or write 
Echelon Corporation, 4015 Miranda Ave., Palo Alto, CA 94304. 
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TOSHIBA 
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That's Why We Belong 
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Be The Best. 
On Your Supplier List. 


We're determined to be the best 
passives supplier on your list. And 
our determination works to your 
advantage four ways. 

First, you get abundant choices; 
our product lines fill 1,100 pages of 
easy-to-use data books. Beyond 
resistors and capacitors, we offer 
trimmers, thermistors, and varistors. 

We help you take full advantage 
of surface-mount production and 
assembly. Our SMD® style com- 
ponents alone fill hundreds of pages 
of a separate data book. 

And of course, you benefit from 
our technical support services, and 
the fact that we're backed by NV. 
Philips’ worldwide resources. 

Your fourth and greatest advan- 
tage is our pure determination to be 
the best—to support you with con- 
tinual product innovation, world- 
class quality, and dedicated customer 
service. 

It all works to your advantage. 
And that’s why we belong on your 
preferred supplier list. 

Call 1-800-447-3762 For Literature 
And Ask For PCGI1. 
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SIEMENS 


Without A Total Systems Solution, There’s 
Only So Far An R4000 Supplier Can Take You. 


Siemens provides powerful 
solutions to take your system 
performance to its highest level. 
By providing the R4000 microprocessor, 
plus advanced DRAMs and ASIC tech- 
nology, Siemens has launched a new era 
in systems capabilities. 


R4000 Power and Performance. 


The Siemens R4000—the first true 64-bit 
processor—provides unequaled throughput 
in asingle chip. As a third-gen- 
eration product, its scalability 
allows easy migration to the prod- 
ucts of the future, and further 
shows our commitment to @ 
the MIPS RISC family of 
processors. Plus it comes in 
three versions, for applications 


ranging from PCs to sophisti- siemens Total 


With an estimated 62.5 SPEC rating and 
full Advanced Computing Environment 
(ACE) support, our R4000 also pro- 
vides superior results in a wide range 
of off-the-shelf applications software. 
But what’s most impressive about our 
R4000 is that it’s only part of our total 
system solution. 


Superior ASICs and DRAMs. 


Siemens is the only European DRAM 
manufacturer, and one of the leading U.S. 
suppliers, with high-quality 1-Mb and 
4-Mb DRAMs in production today, and 
16-MB and 64-Mb DRAM programs for 
the near future. 


In CMOS ASICs, we offer both Sea- 
of-Gates and standard-cell product 
families, featuring sub-micron technology 
which is completely compatible with 


cated multiprocessor systems. Systems Solution Toshiba, even at the GDS2 level, for true 
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alternate sourcing worldwide. 
And they’re fully supported 
by Siemens ADVANCAD 
design system, which is 
based on industry-standard 
workstations and simulators. 


SS. 
ee 


Complete System Solution. 


Give your system the extra boost we offer 
with our R4000, DRAMs and ASICs. Our 
common processes provide you with an 
extra margin of compatibility, which means 
the most reliable, highest-quality products 
in the industry. 


See how far Siemens can take your 
system performance. Call 800-456-9229, 
and ask for literature package M20A013. 


Siemens 
World Wise, Market Smart 
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COVER FEATURE 


A Tiny IC STEPS UP, STEPS DOWN, REGULATES, 
AND CONTROLS THE BATTERY DRAIN IN PORTABLE 
PCs, AND LABORATORY AND MEDICAL INSTRUMENTS. 


SYNCHRONOUS RECTIFIER 
UPS PC BATTERY LIFE 


FRANK GOODENOUGH 


hen power MOSFETs 
hit the scene over ten 
years ago, they were 
hailed as the ultimate 
device for efficient 
rectification at the 
output of low-voltage, 
high-current switch- 
ing power supplies. 
Operating as synchronous rectifiers, they 
were expected to replace the diode. But 
Schottky diodes and other rectifiers that 
didn’t need the “fancy” control circuits of 
synchronous rectifiers improved, pushing 
synchronous rectifiers out of the picture. 
Now, with the emergence of battery-powered 
PCs plus the need to conserve power, syn- 
chronous rectifiers have been given new life. 

Today, you’ve got an edge on the competi- 
tion if your laptop/notebook PC runs just 5% 
longer on a battery charge. And exactly the 
same advantage applies to portable battery- 
powered instruments or remote (e.g., solar- 
powered) data-acquisition and/or control sys- 
tems. Now Micro Linear Corp. has developed 
the ML4860, a combination of buck-regulator 
de-de converter and power controller aimed 
at providing that extra 5%. 

In the converter, power MOSFET Q, oper- 
ates as a synchronous rectifier, replacing the 
usual Schottky diode (Fig. 1). The forward 
voltage drop of the rectifier falls from the 500 
mV ofa typical diode to the 50 mV of a low on- 
resistance FET. Because both FETs in the 
ML4860 dissipate virtually zero power, the 
technique ups the efficiency of the main 5-V 
supply by more than 5%, dropping battery 
drain by a similar percentage. With a 6-to-20- 
V battery, this supply provides 5 to 30 W of 


Eh E ¢ f 2 0 NL 
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regulated 5-V power for the PC’s CPU, mem- 
ory, and disk drive. (see “A simple synchro- 
nous rectifier,’ p. 49). 

As noted, de-de conversion isn’t the only 
task performed by this half-inch-on-a-side IC. 
Its control and regulation functions eliminate 
six space-hungry ICs typically priced at 
about $6 in OEM quantities. 

Seven additional tasks performed by the 
ML4860 are: 
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e When the laptop is connected to an 
external power source such as an ac 
adapter, it disconnects the battery 
from the input to the converter via 
external MOSFET switch Qs. 

e It provides the system’s off-chip 
power-management logic with a reg- 
ulated 5 V from the battery at all 
times. 

e Its second de-de converter (a boost 
circuit) provides a_high-side-gate- 
drive voltage (11 V above the battery 


Disconnects 
battery 
when 7% 
using 

ac adapter 


Power- 
management 
logic 


+5 from buck-regulator output 
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voltage) for the system’s six, exter- 
nal, n-channel MOSFET switches. 
They cost about 20% that of the p- 
channel FETs needed if high-side- 
drive voltages aren’t used. 

e It converts three, CMOS-level in- 
puts from the power-management 
logic to three separate outputs that 
swing from ground to the high-side 
drive voltage. Each can drive an ex- 
ternal FET switch to control power 
to a peripheral. 


regulator 
controller 


Logic-to-MOSFET V 
gate drive gate 
Vin 
Voate 12-V linear regulator 
ML4860 


e It supplies a regulated 12 V for pro- 
gramming EEPROMs. 

e It has two power-down operating 
modes offering quiescent currents 
as low as 75 pA. 

e It provides a battery-low signal to 
the power-management logic. 


The chip operates from either an 
external ac adapter, or from a NiCd 
or alkaline battery pack. Input sup- 
ply voltages range from 6 to 20 V. If 
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employs two off-chip power MOSFETs. The upper one (Q,) is the basic PWM switch. The lower one (Q,) acts as a synchronous rectifier, 


: 1. THE ML4860 IC DEVELOPS and controls the power for battery-powered PCs and instruments. Its buck-type switching regulator 


replacing the typical Schottky diode, and increases the regulator’s efficiency by 5%. 
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the adapter is in use, with or without 
a battery charger, comparator C, 
senses its output voltage (pin 26) rel- 
ative to the battery voltage Vyattery 
(pin 28), and opens the off-chip bat- 
tery switch MOSFET Q,. If the ac 
adapter isn’t in use, the compara- 
tor’s output is high, turning on MOS- 
FET Q, and connecting the battery 
to the pair of de-de converters and to 
the chip’s V;,, port (pin 25). Internally, 
V;, is always connected to the micro- 
power linear regulator because its 5- 
| V output (pin 10) runs the system’s 
power-management logic, which in 
turn must have power at all times. 

A second comparator, C,, provides 


Sana is re- 


ees diode 


lrop of about 500 mV ata 
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alow-battery signal. It compares the 
battery voltage appearing at pin 28 
to the chip’s 2.5-V reference. High- 
resistance external resistors R, and 
R, set the voltage at the pin, depend- 
ing on the battery voltage. The com- 
parator’s output goes high when the 
voltage at pin 28 drops below 2.5 V, 
providing a low-battery signal at pin 
1 to the power-management logic. 
This logic can provide the user with a 
warning and/or start to shed the 
load by disconnecting peripherals 
via MOSFETs Qs, Q,, and Q; 

The buck and the boost converters 
are driven synchronously by the 
chip’s oscillator at 100 kHz. Al- 


A SIMPLE SYNCHRONOUS RECTIFIER 


Given that Vi = Vin X D, 


| where D is the duty cycle, the di- 


ode will be on for 1/2 of the PWM 


_eycle for a 10-V input (the nominal 


voltage from a six-cell battery 
pack). This yields an average con- 
duction loss of about 250 mW, 
which translates into 
a 5% efficiency loss 
in the diode alone, for 
a5-W (5 V at 1 A) out- 
1 hoa 
A forward drop of 
just 30 mV can be at- 
_ tained by using syn- 
| chronous rectifica- 
tion and replacing 
the Schottky diode 
with an available 
~ power MOSFET that 
provides a mere 30 
mQ of on-resistance. 
Average power loss 
drops to only 15 mW, 
increasing supply ef- 
ficiency by almost 
5%. Because the duty 
cycle (on time) of the 
regulator’s switch 
(Q:) decreases with 
increasing battery 
ee the rectifier FET will be 
on for a greater percentage of the 


-eycle. Thus, at higher battery 


voltages, the difference in system 
efficiency between Schottky-di- 
ode and FET rectifiers will be 


| even more significant. 
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though optimized to run at 100 kHz, 
the converters’ frequency-setting 
resistor connected between pin 2 and 
ground can program them to run at 
up to 200 kHz. The boost converter 
creates potential V,,..., which will al- 
ways be 11 V more positive than the 
battery or other input supply volt- 
age. The converter’s output (pin 6) is 
applied internally to four circuits: 
the two high-side drivers (FD, and 
FD,), the logic-to-MOSFET gate- 
drive block, and the 12-V regulator. 

High-side drivers FD, and FD, al- 
ternately drive (bring high to Veate) 
the gates of the buck regulator’s 
FET switch Q, and the synchronous 
rectifier Q, with pulse-width-modu- 
lated pulses from pins 23 and 21, re- 
spectively. The logic-to-MOSFET 
gate-drive circuit takes 5-V logic-lev- 
el inputs from the power-manage- 
ment-logic circuit (pins 12, 14, and 16) 
and converts them to a trio of high- 
side drive-level outputs. The three 
outputs (pins 18, 15, and 17) are at 
ground for an input of logic-level 
zero, and at Va for an input of log- 
ic-level one. They turn FET switches 
Qs, Q,, and Q; on and off. The 12-V 
linear regulator’s output (pin 9) sup- 
plies as much as 100 mA to program 
EEPROMs. Logic-level signals from 
the power-management-logic circuit 
turn it on and off (pin 8). 

By way of pins 3 and 4, power-man- 
agement logic puts the chip/system 
into one of three operating modes: 
run, standby, or sleep. Holding pin 4 
high puts the chip in the “all-sys- 
tems-go’’ run mode, and the IC 
draws 4 mA of quiescent current. 
Bringing pin 3 high and pin 4 low 
puts the IC into standby. Only the 
low-battery comparator and the 5-V 
linear regulator for the power-man- 
agement logic are on and the IC 
draws just 110 pA. Pulling pins 3 and 
4 low puts the chip to sleep. Only the 
5-V regulator remains on, and quies- 
cent current drops to 75 pA. 

One unique circuit can provide 
“lossless” current sensing to protect 
MOSFETs Q, and Q,. When Q, is 
turned on hard (in saturation), the 
voltage at Q,’s source is measured 
by the IC (pin 22) relative to V,,. If 
that voltage is more than 200 mV, the 
converter shuts down. Essentially, 
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2. A COMPLETE power-supply/control subsystem for a 
battery-powered PC is easy to build on this 2-in.” evaluation 
board from Micro Linear, which uses the company’s ML4860 
controller IC. The two 100-kHz Coiltronics inductors are quite 
small when compared with inductors used for higher-power, 
higher-frequency switching-regulator supplies. 


the FET’s on-resis- 
tance becomes the 
current-sense resis- 
tor. The default 
threshold of 200 mV 
represents the drop 
across a 50-m2 MOS- 
FET passing 4 A. Ifa 
higher current-limit 
threshold voltage is 
required—for exam- 
ple, if a larger cur- 
rent is controlled, or 
smaller FETs (high- 
er on-resistance) are 
used—a resistor is 
connected from pin 
24 to ground. The 
conventional, volt- 
age-mode controller 
gets its feedback 
voltage from the out- 
put via pin 20. A soft- 
start capacitor be- 
tween pin 18 and 
ground limits the 


pulse width at power-up. 

As noted earlier, the “jack-of-all- | 
trades” control and regulation fea- 
tures of the ML4860 can save signifi- 
cant pe-board space in a notebook 
PC, a laptop, or a portable instru- 
ment. Though not a true indicator of 
the minimum circuit size possible 
from the chip, Micro Linear’s evalua- 
tion board illustrates what can be ac- 
complished (Fig. 2). The 2-in.* board 
is laid out for ease of use (for probing 
with an oscilloscope and a meter). 

The board’s single ML4860 re- 
places various parts needed in a typi- 
cal power-management and control 
system, including: a LinCMOS PWM 
controller (such as the TLC 4xxx), a 
micropower linear-regulator IC 
(such as the MAX667), a dual com- 
parator (like the TLC393), a boost- 
regulator IC (such as the MAX68x), a 
multiple n-channel FET driver (like 
the MAX621), andsome glue logic. In 
OEM quantities, their combined cost 
would run about $6. 


Begin a new era in PCB design 
productivity —with Protel for Windows. 


It’s a first—advanced PCB design tools in the Windows™ 3.0 environment. 
For the shortest learning curve. For the easiest-to-use EDA package ever. 
we Windows, of course, brings a host of productivity- boosting features. Like 
multiple open documents. Virtual memory. Universal hardware support.» 
Multilevel Undo and Redo commands. Comprehensive on-line HELP. 
Windows perfectly complements Protel’s all-new family of design 
tools—tools that set equally new price/performance standards. 
With capabilities like global editing. “WYSIWYG” print/plot auto- 
[15 mation. More layers. Fast Design Rule Check. Global/interactive 
—\  Al-based autoplacement. And Rip-up Autorouting. 
Call 1-800-544-4186 for a free demo that lets you evaluate 
Advanced Pack, our specially priced set of layout, autoplace- 
ment and autorouting tools. So, before purchase, you'll realize 
that — except in cost—these new Protel for Windows tools 
rival the most powerful, the most sophisticated, available. 


Protel Technology Inc 
151 Bernal Road 
chnology San Jose, CA 95119 


Y Electronic Design Automation Specialists 
ot 30 day money-back guarantee. Call toll-free 1-800-544-4186 | 


Windows is a registered trademark of Microsoft Inc. © 1992 Protel Technology Inc 


” CIRCLE 202 FOR US. RESPONSE 
CIRCLE 203 FOR RESPONSE OUTSIDE THE U.S. 


B2V Bipolar gain blocks with signal 


e 
| inally! bandwidths to 4MHz, thin film resistors, 


and 74LS speed compatible digital gates 
A ur e 32V —all on a single piece of silicon! 
u That's the new RLDA80. 
Think of the possibilities. 


e e 
Precision Programmable timers. PWM controllers. 


Motor speed |___ RAYTHEON RLDA8O LINEAR/DIGITAL ARRAY 
controllers 8 32V PROGRAMMABLE ANALOG MACROCELLS 
d O r ; (Op amps, ground — amp, 
u WIRCAny low distortion op amps, TTL output 
Su per visory | comparator, bandgap reference) 4 
circuits. 36 5V PROGRAMMABLE DIGITAL MACROCELLS 


16 5V DEDICATED DIGITAL MACROCELLS | 


es Phase locked (Up to 200 equivalent gates) | 
WI on Odl loops. Latched |_18 DIGITAL Vo CELLS a | 


| 128 200ppm/°C THIN FILM RESISTORS 
analog multi- |~ 36 SMALL SIGNAL PNPs and NPNs 


Digital Logic. erienemenem 


How many parts would that eliminate 
in your design? How much space, weight 
and power would it save? How much easier 
would assembly be? And how much more 
rugged would it make your final product? 

There’s a quick way to find out. 
Put all your analog Show us your design—and we'll show 
and digital control you how easily it can be integrated onto 
functions on a single : 
piece of silicon. a single RLDA80. 

It's fast—typically six to eight 
weeks from design review to prototype. 

And flexible—changes to an RLDA80 
prototype can be done within four weeks. 

We're committed to analog design. 
And to developing partnerships with our 
customers to produce the most efficient 
and cost-effective solutions possible. 

So if you've been waiting for a mixed 
signal array for the “real world,” it’s 
here. For specifications on the RLDA80, 
give is a call at 1-800-722-7074. 
Raytheon Company. Semiconductor Division. 
350 Ellis St. Mountain View, CA 94039. 
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Raytheon 


Semiconductor Division Where quality starts with fundamentals 
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The three, small square D-PAKs 
on the evaluation board contain 
MOSFETs Q,, Qo, and Qs. A pair of 
Siliconix “Little foot” devices could 
easily replace them. Each “Little 
foot” contains two isolated 50-mQ 


MOSFETs in an 8-pin SOIC. Poten- 


tially, in some applications, just 
three 8-pin SOICs could hold the six 
external FETs. 

The ML4860 isn’t limited to small- 
er PC designs. Like so many new an- 
alog ICs originally aimed at narrow 
niches, the breadth of its applica- 


No Noise 


Is Good Noise 


The SR560 Low-Noise Preamplifier 


is the ideal voltage amplifier for the 
most demanding applications. With 
a low 2 nV/./Hz of input noise, even 
the smallest signals won’t get lost. 
Two adjustable signal filters, each 
configurable as high or low pass, 
attenuate unwanted interference. 
Internal batteries provide operation 
isolated from the AC line. 


And the best news of all, the SR560 
is priced at only $1895, including 
remote interface. Whether you need 
lower noise, higher gain, or greater 
bandwidth, call Stanford Research 
Systems and take a closer look at 
the SR560. 


$1895.00 


2 nV/./Hz input noise 

1MHz bandwidth 

Gain variable to 50,000 

AC or DC coupled 

True differential or single- 
ended input 

2 configurable signal filters 

Selectable gain allocation 

120 dB CMRR 

Line/Internal battery 
operation 

Remote interface 


‘on c | Stanford Research Systems 
RS y 


1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD 
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tions are a challenge to any analog 
designer. For example, it can man- 
age power for a remote, solar/bat- 
tery-powered data-acquisition sys- 
tem—say for seismic signals rang- 
ing from earthquakes and under- 
ground nuclear explosions to 
dynamic stresses in structures, such 
as vehicular bridges. 

In addition to a host microproces- 
sor, this type of system might con- 
tain one or more sensors and their 
excitation and signal-conditioning 
circuits, a high-resolution (16 or 
more bits) analog-to-digital convert- 
er to sample and quantize data, anda 
disk drive to store data. It could also 
be used as a timed system in which 
data is taken every so often. It would 
be asleep most of the time, and a 
CMOS 555 timer operated from the 5- 
V power-management-logic rail 
would occasionally wake it up. 

The output of the 12-V linear regu- 
lator, designed for EEPROMs, can 
be used to excite the sensors. Up to 
three individual sensors or three 
groups of sensors can be excited se- 
quentially using the three external 
FET switches. In an 8-bit system, the 
ADC or other system circuits can 
pull up to 10 mA from the reference. 
If the system is waiting for a signal, 
such as an earthquake, most of the 
system can be asleep most the time, 
with the micropower regulator pro- 
viding power when the system is on. 
An ac adapter can be used for test 
and maintenance. If the system 
transmits a message under an alarm 
condition, the low-battery threshold 
could be set high. A message could 
then be sent indicating that help is 
needed.U 


PRICE AND AVAILABILITY 
In its 28-pin PLCC, the ML4860 goes for 
$4.95 each in 1000-unit quantities. Small 
quantities are available from stock. Con- 


tact the company for price and delivery of 


the evaluation board. 
Micro Linear Corp., 2092 Concourse 
Dr., San Jose, CA 95131; Jon Klein, (408) 
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Propelled the Designed into 95% Improved things for The first +5, +12v A pin-compatible The first +5v only, New. The industry's New, The industry’s 
growth of IBM of ST506 type higher capacity thin film read/write. migration path from —_two-terminal read/ highest performance —_ highest performance 
plug-compatible drives. drives. three- to two- write device. +5y only read/write. +5, +12v read/write. 
drives, terminal design. 


With apologies to our competitors, we 
plan to keep on leading the way in read/write 
IC technology. 

And why not? For nearly two decades 
Silicon Systems has been increasing per- 
formance and reducing power demands in an 
expanding range of pin-compatible functions. 
All designed for a world of ever-shrinking 
form factors. 


Current achievements include low-power, 
+5y only read/write devices that consume under 


5mW in idle mode. Our new two-terminal 
read/write amplifier for thin film and MIG 
heads. A read/write device for both 3-terminal 


ferrite and thin film applications. And devices 
with up to 16-channel capability. 

Hold on tight, though. We’re just 
warming up. 

On the drawing board are ICs for MR 
heads, optical disk drives and a variety of 
other applications. There’s just no end to our 
involvement. 

If you need flexible and far-reaching 
read/write IC solutions for your next 
generation of products, call us for literature 
package SPD-15. We'll send you our new 
Read/Write IC Short Form Catalog, give 
you the name of your nearest Silicon Systems 
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representative and update you on our latest 
developments. 1-800-624-8999, ext. 151 


Silicon Systems, Inc. 

14351 Myford Road, Tustin, CA 92680 
Ph (714) 573-6000 Fax (714) 573-6906 
European Hdg. U.K. Ph (44) 81-443-7061 
Fax (44) 81-443-7022 
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Lattice 


pLSI 1032-80 


System clock rates up to 80 MHz. And a prop- reprogrammability and 100% DC, AC and functional 
agation delay of only 15ns pin-to-pin. That's the kind testing, the pLSI and ispLSI families offer the highest 
of performance you get with our new pLSI!” family of quality available. Not to mention high-speed program- 
high density PLDs. Comprised of four devices ranging ming and 100% programming yield. And they are 
in density from 2,000 to 8,000 PLD gates, they giveyou _ available now in production quantities off-the-shelf. 
absolute timing predictability, right from the data sheet. So pull into the high density PLD fast lane. Call 
Lattice also offers the ispLS!” family—an in-system 1-800-327-8425 and ask for information packet #309. 


programmable (isp) version of the pLSI family that 
delivers non-volatile, 5-volt only in-system program- H 
ming capability. Lattice 
pLSI and ispLSI devices are backed by Lattice’s 
Leader in E7CMOS PLDs. 


proven E7CMOS* technology. With low power, 
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DIGITAL AUDIO 
DRIVES 14-T0-20- 
BIT DAC DESIGNS 


HIGH-RESOLUTION DACs 


Ithough little new appears to 

be happening in the general- 

purpose high-resolution 

(greater than 13 bits) mono- 

lithic digital-to-analog con- 

verter domain, IC DACs 

aimed strictly at digital-audio 

applications are ona roll. And 

some of this audio-DAC tech- 

nology—primarily several new DAC 

architectures—is being transferred 

to the general-purpose arena. In 

fact, several of the newest general- 

purpose DACs are based on audio- 

DAC technology, with a potential for 
much more in the future. 

Today, you can buy 16-to-20-bit IC 
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INNOVATIVE 
DESIGNS FOR 
AUDIO HINT AT 
FUTURE 16-To- 
20-Bit DACS 
WITH MORE 
THAN 16-BIT Dc 
ACCURACY. 


audio DACs that offer a dynamic 
range of more than 100 dB and a sig- 
nal-to-noise ratio of 120 dB (Zable 1). 
Also available are 16-to-20-bit gener- 
al-purpose IC analog-to-digital con- 
verters (ADCs) with similar dynamic 
range that provide accuracy levels of 
16 bits or greater at de and over tem- 
perature. 

But when it comes to general-pur- 
pose monolithic DACs offering de ac- 
curacy over temperature, only a few 
that are even 16-bit accurate exist 
(Table 2). In fact, like their 14-bit kin, 
about half are only 14-bit accurate 
(monotonic) at de, even at a tempera- 
ture of just 25°C. 

The low level of high-resolution 
general-purpose DAC development 
runs directly opposite the 12-bit gen- 
eral-purpose ADC arena, in which a 
broad range of new-design activity is 
underway (ELECTRONIC DESIGN, 
Sept. 12, 1991, p. 63). Examples of 
these new designs range from quad 
and even octal DACs to RF-generat- 
ing DACs. This action at 12 bits 
stands as a precursor of future ac- 
tion at higher resolution. 

The most exciting development in 
the general-purpose field comes 
from TriQuint Semiconductor Corp., 
whose 14-bit gallium-arsenide DAC, 
which has a 2-GHz update rate (at a 
temperature of 25°C), is close to fru- 
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ition (see the opening figure). Fund- 
ed jointly by General Electric, Motor- 
ola, Hughes, and Scitegq, it’s the only 
high-resolution DAC aimed at direct 
digital synthesis (DDS) of high-fre- 
quency RF waveforms. This applica- 
tion area has been heating up, as wit- 
nessed by the recent announcement 
of a pair of 12-bit DACs with fast 100- 
and 500-MHz update rates (ELEC- 
TRONIC DESIGN, Feb. 20, pps. 41 and 
152). 

Multiple DACs per die are now fol- 
lowing this trend, with both a little 
help from digital-audio DAC technol- 
ogy and new architectures. In fact, a 
pair of 14-bit, octal, voltage-output 
DACs with a new architecture will 
appear within the next 30 to 60 days. 
And these multiple DACs provide a 
digital I/O more conducive to a mi- 
croprocessor interface, rather than 
the typical brute-force approach 
with latchless 14 to 18 parallel input- 
data lines. 

Though aimed at digital-signal- 
processing applications instead of 
waveform synthesis, a few of the lat- 


HIGH-RESOLUTION DACs 


est DACs provide a serial I/O and dy- 
namic (ac) specifications. These 
specifications include total harmonic 
distortion and signal-to-noise ratio. 


20 Bits OR Bust 


After more than ten years in devel- 
opment, the compact-disc player ex- 
ploded on the U.S. consumer market 
about six years ago. And most of 
these sophisticated machines from 
Japan contained one or two 16-bit IC 
DACs made by Burr-Brown. The 
first of these 16-bit DACs, the 
PCM53, is a 24-pin DIP that contains 
a single, very conventional, 16-bit 
voltage-output DAC with an unbuf- 
fered, 16-line, parallel-digital input 
(see “Compact-disc players, digi- 
tal-audio DACs, and oversam- 
pling,’ p. 64). Its architecture forms 
the basis of most general-purpose 
monolithic DACs. 

A segment decoder in the PCM53 
monolithic DAC converts the three 
most-significant-bit inputs to seven 
lines that drive seven current switch- 
es, which in turn control (switch on 


and off) seven equal-current 
sources. Thirteen additional current 
switches control the remaining least- 
significant-bit currents. These LSB 
currents are developed by a binary- 
weighted, laser-trimmed, thin-film 
resistor network. 

The PCM58 contains its own bur- 
ied-Zener voltage reference and out- 
put op amp, setting the standard for 
most future audio DACs. Current- 
output (+1-mA) versions are also 
available. The DAC puts out +10 V 
at ©5 mA and runs off +15-V rails 
(both typical of the general-purpose 
genre then and now). However, 
while its “audio” specifications are 
limited to harmonic distortion and 
dynamic range, virtually all of the 
specifications expected on the data 
sheet for a typical general-purpose 
DAC are included. 

Driven by the requirements of CD 
players for higher performance at 
lower cost, these once general-pur- 
pose DACs quickly evolved through 
several generations. Early on, digi- 
tal oversampling filters were added 


TABLE 1: MONOLITHIC 16-, 18-, AND 20-BIT DIGITAL-AUDIO DACs 


Resolution Number 


Company Model (bits) of DACs 
Analog Devices AD1862 20 1 
Burr-Brown PCM63 20 1 
Philips/ SAA7340 (alone) 20 2 
Signetics with TDA1547 20 2 
Analog Devices AD1865 18 2 
AD1868 18 2 
AD1864 18 2 
AD1860 18 1 
AD1861 18 1 
Burr-Brown PCM61 18 1 
PCM67 18 2 
PCM1700 18 2 
PCM58 18 1 
Crystal CS4328 18 2 
Sony CXD2558 18 2 
Analog Devices AD1851 16 1 
AD1866 16 2 
AD1856 16 1 
Burr-Brown PCM60 16 1 

PCM66 16 2 outputs 

PCM56 1 

PCM55 16 1 
PCM54 16 1 
PCM53 16 1 


Total harmonic 
distortion plus Signal 
noise (dB) to- 
at outputs of noise Dynamic 
0 -20 -60 ratio range 
(dB) (dB) (dB) (dB) (dB) 
96 -80 42 113 102 
~96 -82 44 116 104 
-93 NS NS 100 93 
-93 84 44 101 >93 
-87 -73 54 107 94 
84 61 -46 95 86 
-92 -73 -34 102 94 
2 =-73 -#4 102 94 
-87 -75 -36 107 96 
-92 74-34 112(t) 108 (t) 
-92 -70 ~=-40 110(t) 108(t) 
-92 -14—-34 96 108(t) 
-96 -80 —40 126(t) 108(t) 
-90 73-33 120 93 
-80(t) NS NS 90(t) NS 
-87 -75 = -36 107 96 
-80 -74—_-34 95(t) 90(t) 
92 -74 -34 NS NS 
-86 68(t)  -28(t) 90(t) 96(t) 
-86 -68(t) -28(t) 90(t) 96(t) 
-92 = -74(t) -34(t) NS 96(t) 
-87 -67 -28 NS 96(t) 
-92 14 ~34 NS 96(t) 
oo fe ae NS 96(t) 


Channel Mid- Output Maximum 
separation _ scale Vout lout oversampling 
(dB) error (V/mA) (mA) Factor 
NA +5yA NA 1 16 
NA +10mv NA +2 16 
100 (t) NS 1rms/NS NA 16 
101 NS NA 16 
110 +4 mv +3/+8 acy 16 
101 +15mv +1(ty/E1(t) NA 16 
110 +4mv +3/+8 bs 16 
NA +3 mv +3/+8 H1 8 
NA +10mv +3/+8 5, 16 
NA +30(t) +3()/+8 +1(t) 8 
106(t) NS NA +1.2(t) 16 
96 +10mv =+3/+8(t) +0.7(t) 16 
NA +10mv NA et 8 
100 t1mv +1.9/43 NA 8 
NS NS (1) NA 16 
NA +10mv = £3/+8 ae 16 
108 +30mv 1/21 NA 16 
NA +30mV +3/+8 +1 8 
NA +30mV —.2.8/0.028 NA 4 
NS +30mV —2.8/0.028 NS 4 
NA +30mV = £:3/8 +H 8 
NA +30mvV = -£3/2 +1 16 
NA +30mV 2-3/2 H1 16 
NA +50mv = 10/5 +1 16 


All specifications are at 25°C and are maximums or minimums unless noted typical (t). NA = not available. NS = not specified. FSR = full-scale range. 
(1) Each of the two differential outputs of the Sony delta-sigma DAC consists of a 5-V train of ones and zeros ready for application to an analog low-pass filter. 
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ahead of the DAC, and the digital 
I/O was changed from parallel to se- 
rial. To handle the simpler serial I/O, 
DACs like the Burr-Brown PCM56 
added a serial-to-parallel shift regis- 
ter between the serial input and the 
DAC itself. 

General-purpose DAC specifica- 
tions gradually gave way to audio- 
DAC specifications (Table 1, again). 
The supply rails dropped to +5 V, 
the standard output voltage became 
+8 V, and SOIC packages appeared. 
Resolution moved to 18 bits and sin- 
gle 5-V supply devices appeared. An- 
alog Devices joined the fray and two 
18-bit DACs were crammed into 
DIPs and SOICs in 1989. Oversam- 
pling factors went from 1 to 16, but 
basic DAC architectures remained 
virtually unchanged. 

Over the last two years, dramatic 
changes have evolved in high-resolu- 
tion IC DACs. New architectures be- 
gan to emerge, such as those on 
Crystal Semiconductor’s dual 18-bit 
delta-sigma CS4328 audio DAC (also 
called a one-bit or bit-stream DAC), 
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and Burr-Brown’s 20-bit PCM63P 
audio DAC, asingle-channel current- 
output device based on a unique vari- 
ant of the conventional multibit ar- 
chitecture. More recently, Burr- 
Brown used an innovative architec- 
ture on its 18-bit dual current-output 
PCM67 DAC, combining one-bit and 
multibit circuits (see “New DAC ar- 
chitectures and noise shaping, ”’p. 
62). 

ICs designed specifically for next- 
generation digital-audio systems are 
now appearing. Take Crystal’s 
CS4215 and CS4216 dual 16-bit delta- 
sigma codecs, for example, aimed at 
multimedia applications (ELECTRON- 
IC DESIGN, Sept. 12, 1991, p.53). De- 
signed to give PCs the ability to gen- 
erate and/or process high-quality 
stereo audio, each IC’s core contains 
a pair of 16-bit delta-sigma ADCs and 
a pair of 16-bit delta-sigma DACs. By 
mid-year, a similar device, the 
AD1849, is expected from Analog 
Devices. 

Because nearly all but the least- 
expensive compact-dise players 


Gain 
Linearity Error Match Power Package Price 
dB (% of FSR) Architecture (V/mA) (mW) type (1000s) 
+1 sE2 NA Conventional +12/+6 288(t) 16-pin DIP $13.50 
ss) be ge =r NA Sign-magnitude +5/+15,-45 300 28-pin DIP $11.80 
+1 NS 0.25 Delta sigma 5/75 375 44-pin QFP $26.00 
+02 NS NS Delta sigma 5/80 1300 32-pin DIP $17.50 
oy ag os | 08 Conventional 5/26 260 24-pin DIP,28-pinSOIC $14.25 
+3 coy | = Conventional +5/14 70 16-pin DIP,SOIC $9.95 
2(t) +1 08 Conventional +5 to 112/28 265 24-pin DIP $14.25 
NS +2 NA Conventional +5to+12/+15 300 16-pin DIP $9.55 
NS | NA Conventional 5/15 100(t) 16-pin DIP,SOIC $5.00 
NS +2(t) NA Conventional +5to +12 +17,-35 260 16-pin DIP $7.40 
+1 +10 5 One-bit + multibit 5/20 105 16-pin DIP,20-pin SOIC + $10.00 
+H1 3 £3 Conventional +5/+40,-16 380 28-pin DIP $10.95 
NS +2 NA Conventional §,-12/10, -30 410 28-pinDIP $14.55 
NS 5 0.1dB Dellta-sigma £5/=£55, 5/60 850 28-pin DIP $29.00 
NS NS NS Delta-sigma 5/NS NS 28-pin SOIC $12.00 
NS +1 NA Conventional +5/415 100(t)  16pinDIP,SOIC $4.65 
pais: AR +3 Conventional 5/14 70 16-pin DIP,SOIC $8.95 
NS +2(t) NA Conventional £5 to +12, +17,-35 260 16-pin DIP $9.00 
NS +10 =+1(t) Conventional 5/9.5(t) 50 16-pin SOIC NA 
NS +10 +1(t) Conventional 5/9.5 (t) 50 20-pin SOIC $7.40 
NS +2(t) NA Conventional © +5to+12+17,-35 260 16-pin DIP $6.80 
NS +2(t) NA Parallel in, conventional £5/+.20,-25 NS 24-pin SOIC $9.25 
NS +2(t) NA Parallelin, conventional +5 to +12,+20-25 NS 28-pin DIP $9.25 
NS +1(t) NA  Parallelin, conventional £15, +5/+30,+10 NS 24-pin DIP $11.80 
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oversample 16 times, five key DAC 
specifications determine how well 
they sound: 


e Total harmonic distortion + 
noise (THD + N): Total harmonic 
distortion + noise is a ratio. The top 
half of this ratio is the square root of 
the sum of the squares of the single- 
frequency signal’s harmonic ampli- 
tudes, plus the noise (at a system’s 
output). The bottom half is the ampli- 
tude of that frequency’s fundamen- 
tal. THD + N is usually expressed in 
percent or decibel. 

In an audio DAC, THD + N repre- 
sents a measure of the magnitude 
and distribution of integral-linearity, 
differential-linearity, and quantiza- 
tion errors, plus noise introduced 
during reconstruction and playback. 
Depending on the signal’s ampli- 
tude, the errors may be distributed 
differently. Therefore, the THD + N 
of audio DACs is specified (and in 
most cases measured) at three out- 
put levels: full output or 0 dB, and 
two lower levels of -20 and -60 dB. 
The digital word for a 990.5-Hz sine 
wave is fed to the DAC and measure- 
ments are made on the first 19 har- 
monics and noise out to 30 kHz. 

e Signal-to-noise ratio (SNR) : Sig- 
nal-to-noise ratio is the ratio of the 
output signal’s amplitude when a 
full-scale code (digital input word) is 
entered into the DAC, to the output’s 
amplitude when a midscale (bipolar 
zero) code is entered. It’s measured 
with an A-weight filter (A-weight fil- 
ters simulate the response of the hu- 
man ear). 

e Dynamic range : Dynamic range, 
sometimes called D-range distortion, 
is equal to the value of (THD + N) ex- 
pressed in decibels, plus 60 dB when 
a signal level of -60 dB is repro- 
duced. Dynamic range is measured 
with a 1-kHz sine wave using an A- 
weight filter. 

e Channel separation : Channel 
separation is the ratio of a full-scale 
signal’s amplitude on one channel of 
a two-channel DAC, to the amplitude 
of that same signal coupled to the 
other channel. 

e Midscale error: Midscale, or zero 
error, is the deviation of a given 
channel’s actual analog output from 
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Surface-mount stack heights: .250”/.320”/.390” 


AMPMODU 50/50 Grid Connectors 
give you a choice of parallel pcb stack 
heights: .390”, 320”, and a very close 
.250” (the tightest in the industry). So 
you can squeeze everything possible 
out of (or into) your design. 

This surface-mount system utilizes 
a .050” contact grid in double row, 
polarized shrouded headers and 
receptacles, and offers our exclusive 
plated copper alloy holddowns . On 
standard .062” thick boards, the 
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barbed holddowns do their job without 
protruding through, allowing surface 
mounting on both sides. And holddowns 
are soldered during reflow, providing 
long-term strain relief. 

Dual-beam receptacle contacts 
and duplex gold plating provide high 
reliability, in selected sizes from 10 to 
100 positions. Dimensional tolerances, 
reference datums, holddown charac- 
teristics, and packaging support 
robotic application; materials are fully 
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compatible with IR and vapor phase 
reflow processing. 

Ask us for more information on the 
AMPMODU 50/50 Grid Surface- 
Mount Connector System. Call the 
AMP Product Information Center at 
1-800-522-6752 (fax 717-986-7575). In 
Canada call 416-475-6222. AMP 
Incorporated, Harrisburg, PA 
17105-3608. 
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TABLE 2: MONOLITHIC GENERAL-PURPOSE 14-18 BIT DACs 


Monotonic Full-scale 
Over settling 
tem- time to 
Reference at per- _—_ Integral % of full Features 
Resolution Output type Fixed 25°C ature non-linearity scale andoutput Digital Package Price 
Model (bits) | Voltage Current multiplier Internal (bits) (bits) (bits) (%) (us) range 1/0 type 
Analog Devices AD7534 14 ° ° 1414 13 0.003 +5 52 25 40, 41 $14.00 
AD7535 14 ° e 1414 13 0.003 15 $2 26 = 40, 41,42 $16.00 
AD7536 14 e ° 14 «14 13 0.003 15 1,2,3 26 = 42, 43,44 $16.00 
AD7538 14 ° e 1414 13 0.003 15 1,2 27 45 $9.00 
AD7840 14 e ° 1414 13 1/2 LSB 4 4 28 42,45 $9.00 
AD7244 (dual) 14 ° e 1414 13 1/2LSB 4 70 63 45,46 $15.00 


Harris Semiconductor 1CL7134 14 e e 14-13 14 1/2LSB 3 17 26 43 $14.00 
Micro Power Systems MP7614 14 ° . 1S J) 12 0.01 2 (t) 19 35 40,51 NA 
Sipex SP7514 14 ° e 1414 14 NS 2(t) 1,12 35 40 $16.00 
Analog Devices AD569 16 e e 16 «16 12 0.001 6 5 29 43,44 $16.00 
AD669 16 ° co) 1675 45: 14 0.0008 13 6 30 43,46 $14.00 
AD766 16 e ° e 15 15 NS 0,0015 = 1.5 (t) 7 31 47 $9.00 
AD7846 16 e 16 16 12 0.003 9 8 30,37,38 42,44,48 $16.00 
Burr-Brown DAC700, 01, 02, 03 16 ° ° ° 1414 14 0,003 8 9 33 49 = $15 to $27 
DAC707, 08, 09 16 e e ° 14 «14 14 0.003 8 9 33 49 $17 to $31 
DAC710 16 ° ° ° 15) 1S 14 0.003 8 9, 20 32 49 $16.00 
DAC725 (dual) 16 ° e 1 14 0.003 8 48 $32.00 


4 14 10 34 
1 14° «14 15 9 32 49 


6 e e 
6 e ° 

Micro Networks MN3290* 6 ° e e 0.003 8 $30 to $60 
6 ° e 


Micro Power Systems 


MP7616 1 


13 (113 12 0.01 2(t) 19 32 52,54 NA 


MP7626 16 . . 16 «15 14 01 2(t) 19 36 43, 46, 44 NA 
MP7636 16 . 16 16 14 1/2LSB it) 19 29 40 NA 
SPT HDAC52160 16 e e 15 14 14 0.0015 = 0.15 15 32 53 NA 


HS9390* 16 
SP1148* 16 
SP7516/SP3160 16 


HS9371* 16 
SP9316 16 
SP9320(dual) 16 
SP9321 (dual) 16 


14 0.006 0.15 22 
14 0.00076 ~—.20 23 
14 NS it) 1,12 
16 0.0015 S(t) 13 
15 0.0015 S(t) 1,12 
13 NS 3(t) 14 
13 NS 3(t) 14 


AD1139* 18 e e e 


DSP201/202(dual) 18 
DAC729* 18 


Analog Devices 


Burr-Brown 


All specifications are maximum or minimums over temperature unless otherwise noted typical 
(t). Specifications are shown for the model offering monotonicity over temperature for the 
greatest number of bits. Prices have been rounded off to the nearest dollar. NS = not 
specified. NA = not available. 

* — Hybrid unit. 


Features and output range: 1 = micropower, R-2R ladder, reference input of 3.5 to 10k. 2 
= bringing ground rail to-300 mV minimizes leakage when operating above 70°C. 3 = con- 
tains application resistors for four-quadrant multiplication. 4 = output is 3 V at 1.5 mA; ac 
specifications provided (see text). 5 = output is 5 V at 5 mA; inherently monotonic 
architecture (see text). 6 = output is +10 V/0-10 V at5 mA. 7 = outputis +3V at8 mA or 0- 
1 mA; designed for DSP applications; ac specifications provided. 8 = output is +10 V, --5V, 
0-10 V, and 0-5 V, all at 5 mA (similar to 5); has Readback and Clear lines. 9 = A family of volt- 
age- and current-output DACs. Voltage-output models provide 5 mA at one or more of the 
following voltages: =+5, + 10, 0-5, and 0-10 V. Current-output models provide 0-2 mA and/or 
+1 mA with a compliance of 2.5 V. 10 = dual voltage-output DAC; each output supplies 
+10 V at 5 mA. 11 = single (DSP201) and dual (DSP202) voltage-output DACs for digital- 
signal processing; output is +3 V at 8 mA; ac specifications provided, 12 = reference band- 
width of 1 MHz. 13 = current output of £1 mA or 0-2 mA with application resistors. 14 = dual 
current-output multiplying DAC; reference input is 1.875 k (=-50%). 15 = high-speed, 5- 
mA current-output DAC with application resistors to provide voltages of 2.5, =¢5, 0-5, and 
0-10 V; compliance voltage of +2.5 V. 16 = output of 5 Vand 0-10 V. 17 = R-2R reference 
ladder of 7 kM (=£50%); uses correction DAC. 18 = R-2R reference ladder of 4.2 kN 
(=£50%); uses correction DAC; total unadjusted error specified at 0.02%. 19 = R-2R refer- 
ence ladder of 1 kf. to 10 kM. 20 = designed for closed-loop servo systems; monotonic to 15 
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0.006 2.5(t) 
17 0.00076 ~—&(t) 


30(t) 24 


18 1/2LSB 


bits around zero. 21 = hybrid, user-trimmable to 18-bit accuracy; output voltages at 5 mA 
of 2.5 +5, +10, 0-5, and 0-10 V. 22 = high-speed, hybrid, 4- or +2-mA (t) current-output 
DAC with application resistors to provide voltages of 10, +5, 0-5, and 0-10 V; compliance 
voltage of 1 V. 23 = voltage-output (++ 10-V) hybrid DAC containing two 8-bit DACs to 
adjust gain and offset errors to within ++ 1/2 LSB. 24 = voltage-output (=£5-, +10-, +5-, 
and +10-V) hybrid DAC. 70 = dual outputs each providing nominally £3 V at +20 mA. 


Digital Interface: 25 = double-buffered, 14 bits, in 2 bytes (8 bits + 6 bits). 26 = double- 
buffered, 14 bits, parallel, or 2 bytes (8 bits + 6 bits). 27 = double-buffered, 14 bits, parallel. 
28 = double-buffered 14 bits, parallel or serial. 29 = double-buffered, 16 bits, parallel, or 2 
bytes (8 bits + 8 bits). 30 = double-buffered, 16 bits, parallel. 31 = 16 bits, serial. 32 = 
unbuffered (no input latches), 16 bits, parallel. 33 = double-buffered, 16 bits in two 8-bit 
bytes, or serial. 34 = double-buffered to either of two DACs in two 8-bit bytes. 35 = 14 bits, 
parallel, no latches. 36 = single-buffered, 16 bits, parallel, or two 8-bit bytes. 37 = Clear 
command sets registers to all zeros. 38 = Readback command permits host to check digital 
word in registers. 39 = unbuffered, 18 bits, parallel. 60 = single-buffered, 16 bits, parallel. 
61 = single-buffered, 16 bits, parallel; 8-bit DACs also single-buffered. 62 = single-buffered, 
18 bits, parallel, or in two 9-bit bytes. 63 = separate serial interface for each of two DACs. 64 
= 16/18 bits, serial. 65 = single-buffered, 18 bits, parallel. 


Packages: 40 = 20-pin DIP. 41 = 20-pin PLCC. 42 = 28-pin LCC. 43 = 28-pin DIP. 44 — 28- 
pin PLCC. 45 = 24-pin DIP. 46 = 28-pin SOIC. 47 = 16-pin DIP. 48 = 28-pin double DIP. 49 
= 24-pin double DIP. 50 = 24-pin SOIC. 51 = 20-pin SOIC. 52 = 22-pin DIP. 53 = 32-pin 
DIP. 54 = 24-pin SOIC. 55 = 40-pin double DIP. 56 = 32-pin triple DIP. 
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the ideal output of 0 V when the input 
code representing half scale is load- 
ed into the DAC’s input register. It’s 
expressed in millivolts and is mea- 
sured with half-scale output signal 
levels. 

Most humans will be unable to 
hear any difference between CD 
players using either 16- or 18-bit 
DACs (listed in the table) that pro- 
vide -92 dB of THD + N at full out- 
put, anSNR of 100 dB, anda dynamic 
range of 93 dB, and a CD player us- 
ing DACs with superior perfor- 
mance. The higher-performance 
DACs are for the world’s “golden 
ears,” and professional studio digi- 
tal-audio equipment that must al- 
ways be better than what the CDs 
will be played on. These DACs also 
aim at a wide variety of general-pur- 
pose applications, particularly in dig- 
ital-signal processing. 

Different high-resolution IC DAC 
architectures offer different trade- 
offs. For example, while the THD + 
N and dynamic-range specifications 
for Crystal’s delta-sigma CS4328 
dual DAC aren’t quite up to those of 
most other 18-bit DACs or any of the 
20-bit ICs, no other DACs can touch 
its SNR. And channel separation is 
low on the CS4328’s two DACs. 
While the conventional DACs also 
appear to offer an advantage in pow- 
er requirements, an advantage 
that’s important in portable applica- 
tions, their power needs don’t reflect 
exactly what’s required by the input 
interpolating filter or the output ana- 
log filter. 

All other things being equal, the 
CS4328 offers a distinct advantage 
when it comes to pe-board space. 
Complete unto itself, it needs neither 
a digital oversampling filter on the 
input nor an analog filter on the out- 
put. Its two outputs are ready to put 
+1.9 V of audio across 600 2. 

Other suppliers of one-bit (delta- 
sigma) DACs include Philips/Signe- 
tics and Sony. Sony’s two-channel 
delta-sigma DAC, the CXD2558, has 
no analog output filter. Each channel 
provides the train of precision ones 
and zeros from the one-bit DAC in 
differential form—that is, two out- 
puts per channel, one going high and 
the other low. The user-added analog 


filter determines ultimate system 
performance. Crystal will soon an- 
nounce a similar device (the CS4303), 
which is essentially the front end of 
its CS4328. With the proper filter, it 
expects to raise dynamic range to 
well over 103 dB. The DACs in the 
Phillips/Signetics chip set, while 
containing a switched-capacitor ana- 
log filter, still require an external 
continuous-time filter. 

For the most part, overall DAC 
performance rises with increasing 
resolution and oversampling (Zable 
1, again). And, of course, so does 
price. However, there are some ex- 
ceptions to the rule, like Burr- 
Brown’s 16-bit PCM60 and PCM66 
compared with the 18-bit PCM67, 
and Analog Devices’ 16-bit AD1866 
compared with the 18-bit AD1868. 
These devices, aimed at portable, 
automotive, and CD-player applica- 
tions, must necessarily use low pow- 
er by operating from single 5-V sup- 
plies and dissipating less than 100 
mW, sacrificing some performance. 
These DACs include circuits that cre- 
ate a zero signal at 2.5 V. In addition, 
the high oversampling factors move 
the handling of precision analog sig- 
nals to several hundred kilohertz, 
and speed takes power. 


Back To Basics 

Not long ago, vector-scan CRT dis- 
plays, such as those used for air-traf- 
fic control, and DACs in high-resolu- 
tion successive-approximation-reg- 
ister (SAR) hybrid ADCs, represent- 
ed two of the three major 
applications for high-resolution 
DACs. Raster-scan displays using 
higher-speed 8- or 10-bit video DACs 
have now virtually replaced high- 
resolution DACs in CRT displays. 
And high-speed, high-resolution 
ADCs, including the DAC if a succes- 
sive approximation design, have 
been integrated into one IC. Howey- 
er, the third major application, com- 
puter-directed control systems, still 
exists and is growing. In these sys- 
tems, the DAC provides the set point 
for open- and closed-loop control 
and/or acts as the vital feedback ele- 
ment in a closed-loop system. 

Signal synthesis of arbitrary 
waveforms from ultra-pure sine 


purpose timing applications, IC 
DESIGNS’ multiple- and variable- 
frequency devices save board space 
and money. Which is why some of | 
the industry's largest companies use | 
our components. 
1CD2051 Dual Programmable 
Oscillator — Two independent 
VCO's with multiple low-skew outputs; | 
range from 320KHz - 120MHz. | 
I1CD2053A Programmable 
Clock Oscillator — Industry's 
smallest footprint 8-pin "Mini-SOIC"; 
low power consumption; 320KHz - 
120MHz clock output. 
Contact us for more information 
about these or other IC DESIGNS 
frequency synthesis components. 


1-800-669-0557 


IC besiens 


12020 113th Ave. N.E. Kirkland, WA 98034 
FAX: 1-206-820-8959 
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idscale error, the error 
at or near zero signal 
level, represents a ma- 
jor cause of distortion 
in multibit DACs, particularly at 
low signal levels and in the higher- 
resolution DACs, where other 
sources of error have been re- 
duced. It’s caused by the most-sig- 
nificant-bit transition that occurs 
at midscale as the input code 
switches between a code of 1 and 
all 0s, and a code of 0 and all 1s. To 
attack the problem, Analog De- 
vices added a digital offset circuit 
in its 20-bit AD1862, which shifts 
creation of the midscale output 
away from the most significant 
bit. To minimize until-now-sec- 
ond-order errors, which at 20 bits 
of resolution become first-order 
errors at least to the “golden 
ears’ of music, Analog Devices 
limited the AD 1862 to one channel 
of current output. The user must 
add an op amp of choice, which can 
of course be part of the still-man- 
datory analog filter. 

For their 20-bit PCM63P DAC, 
Burr-Brown created a completely 
new, multibit DAC architecture to 
beat the midscale problem (Fig. 
1). Dubbed ‘‘Colinear,’’ the 
PCM68P, like the AD1862, con- 
tains just a single-channel, cur- 
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NEW DAC ARCHITECTURES AND NOISE SHAPING 


shift register and: 


binary-to- sign- 
magnitude 


rent-output DAC. The circuit rep- 
resents a form of sign-magnitude 
architecture. It uses a pair of 19- 
bit current DACs, one providing 
positive currents and the other 
negative currents. The DACs are 
summed to form the output cur- 
rent. Only the least-significant-bit 
current changes at zero. Trans- 
parent logic circuitry between the 
input shift register and the DACs 
converts the input code to the 
sign-magnitude code (on-chip ref- 
erence circuits aren’t shown). Fu- 
ture DACs based on this architec- 
ture may raise the performance of 
general-purpose DACs above 14 
to 16 bits of resolution at de and 
over temperature. 

The buzz word today in digital- 
audio DAC circles is the one-bit 
DAC, such as Crystal’s CS4328 
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Spectrum after continuous-time filter 
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19-bit 
current DAC 


19-bit 
current DAC 


delta-sigma IC (Fig. 2). This two- 
channel DAC is complete with its 
own pair of 8X-oversampling in- 
put filters, which are followed by 
64X-oversampling digital delta- 
sigma modulators. The modula- 
tors drive 1-bit switched-capacitor 
DACs that are followed by on-chip 
low-pass filters and output ampli- 
fiers. The on-chip 8X input-inter- 
polation filters do the same job as 
the off-chip filters used with mul- 
tibit DACs. They remove the im- 
ages of the input signal that are 
present at multiples of the input 
sampling frequency, f, (the fre- 
quency at which the original mu- 
sic signal was sampled), or 44.1 
kHz (Fig. 2a). 

The signal at the filters’ output 
has a frequency spectrum with 
images at multiples of 8f, (Fig. 
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2b). The filters drive a digital sam- 
ple-and-hold stage in which the 
data points from the interpolator 
are held for eight clock cycles, cre- 
ating a 64f, data stream carrying 
a sinx/x frequency response with 
zeros at multiples of 8f,. The sinx/ 
x zeros completely attenuate sig- 
nals at 8f, and largely suppress 
the energy remaining in the im- 
ages (Fig. 2c). 

The digital delta-sigma modula- 
tor modulates the digital 18-bit au- 
dio data, creating a 1-bit 64f, sig- 
nal, followed by a 5th-order noise 
shaper. The shaper moves the 
quantization noise created in the 
oversampling process beyond the 
band of interest (Fig. 2d). The 
modulator’s output drives the 1- 
bit DAC that translates the bit 
stream into a series of charge 
packets. 

The magnitude of the charge in 
each packet is determined by sam- 
pling (switching) a precision volt- 
age reference onto a capacitor. 
The polarity of each packet’s 
charge is controlled by the 1-bit 
signal, and is a positive charge for 
a1, anda negative charge for a 0. 
A string of alternating 1s and 0s 
results in 0 V out. Midscale (zero) 
error is nonexistent or is a func- 
tion of the circuits that follow the 
DAC. 

The final stage of the DAC con- 
sists of a 5th-order switched-ca- 
pacitor, analog, low-pass filter, 
followed by a 2nd-order, continu- 
ous-time analog low-pass filter. 
The 5th-order filter eliminates 
out-of-band signal energy result- 
ing from the noise-shaping pro- 
cess (Fig. 2e). 

The filter scales with the mas- 
ter clock driving the digital cir- 
cuits, permitting operation at dif- 
ferent clock rates. The 2nd-order 
filter eliminates high-frequency 
energy at multiples of the 64f, 
sample rate (Fig. 2f). Together, 
the digital and analog filters com- 
pensate for each other’s phase er- 
rors, resulting in a phase error 
(simulated) of zero (Fig. 2g). 
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waves represents a fourth and grow- 
ing class of high-resolution DAC ap- 
plications. Moreover, while control- 
system bandwidths are relatively 
low, waveform-generation frequen- 
cies can run from de (programmable 
power supplies) to whatever maxi- 
mum update rate is available in a 
DAC. TriQuint Semiconductor is 
working on a 14-bit 2-GHz DAC. One 
new general-purpose DAC applica- 
tion that’s coming on-stream is to use 
the DAC as the output device for a 
DSP circuit. DSP applications need 
bandwidths from de to the maximum 
signal frequencies the digital-signal 
processors can handle. 

Each of these applications de- 
mands maximum performance for 
several specifications. DACs for con- 
trol systems must guarantee mono- 
tonicity to a certain number of bits 
over their operating-temperature 
range. A system (or device) is mono- 
tonic if the magnitude of its output 
remains constant, or increases in val- 
ue, as the input increases in magni- 
tude. Thus, a DAC is monotonic if its 
analog output never decreases in val- 
ue when its digital input code in- 
creases in value, and vice versa. To 
put it another way, a monotonic sys- 
tem’s output is always a single-val- 


ued function of the input. The deriva- 
tive of a DAC’s transfer function 
must never change sign. 

Monotonicity is mandatory if the 
DAC is in the feedback loop of a con- 
trol system. If the error signal from 
the processor says go left or put on 
more heat, but the DAC output says 
go right or cuts the heat, the system 
becomes unstable. 

If you can settle for operation at a 
temperature of or close to 25°C, you 
have over a dozen DACs that can pro- 
vide 16-bit monotonicity. You can 
even get 18-bit monotonicity, albeit 
from more-expensive hybrid chip- 
and-wire types (Table 2, again). And 
you can get monolithic 16-bit ICs for 
under $20. However, if your control 
system must use the commercial 
temperature range, your choice of 
affordable DACs drops in half. 


MicRATING DACs 


There’s hope, however, for future 
migration from the audio-DAC are- 
na. One-bit (delta-sigma) DACs are 
inherently monotonic, as is Burr- 
Brown’s PCM68 sign-magnitude 
DAC. Presently available delta-sig- 
ma DACs don’t lend themselves to 
anything but the slowest control sys- 
tems (those with, say, sub-one-hertz 
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COMPACT-DISC PLAYERS, DIGITAL-AUDIO DACS, AND OVERSAMPLING 


t the heart of every com- 

pact-dise player lies ei- 

ther one or two 16-bit (or 

more) digital-to-analog 
converters (DACs). First-genera- 
tion systems took a 16-bit parallel 
word from the digital error-cor- 
rection circuitry at 44.1 kHz, and 
applied it to a 16-bit DAC (see the 
figure, top). The DAC alternately 
produces samples of analog volt- 
ages representing the left- and 
right-channel audio signal. The 
analog signals are applied to a 
pair of sample-and-hold amplifi- 
ers (deglitchers). While one ampli- 
fier samples the left channel, the 
other applies its previously sam- 
pled, now-held, output to an ana- 
log, low-pass filter. 

The low-pass filter removes all 
unwanted frequency components 
(images) caused by the initial sam- 
pling of the signal prior to record- 
ing, and those caused by the dis- 
erete nature of the DAC output. 
The filter must combine a flat am- 
plitude response with linear phase 
from de to 20 kHz. Butit mustalso 
have deep attenuation (100 dB) 
above 24 kHz. Such so-called 
“brick-wall” filters aren’t only 
large and expensive because they 
require as many as 9 to 138 poles, 
but their phase response is nonlin- 
ear, which can disturb the pulse- 
like transients in music. 

To answer the filter problem, 
system designers added a digital 
circuit called an oversampling, or 
interpolation, filter between the 
digital-signal-processor output 
and the DAC input. The first fil- 
ters, which were used with paral- 
lel-input DACs like the Burr- 
Brown PCM53, multiplied the 
sampling frequency by two (2X 
oversampling), resulting in an 
88.2-kHz data rate. The first im- 
ages now start to appear at about 
68 kHz, but the audio frequencies 
of interest still stop at 20 kHz. A 
much simpler filter can now be 
used in these systems. 

It became clear that one serial 
data line was easier to handle than 
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16, and 18-bit systems were being 
developed. So designers asked 
Burr-Brown to put a serial-to-par- 
allel converter in the DAC, result- 
ing in a third-generation system 
with an oversampling filter (see 
the figure, bottom). If 2X over- 
sampling is good at simplifying 
the analog filter, 4X, 8X, or 16X 
oversampling is even better. Even 
just 4X oversampling pushes the 
first images out to 156 kHz and 
the sampling rate to 176.4 kHz. 
Now, filters with just 3 to 5 poles 
can do the trick. 

Why the move to 18- and even 
20-bit digital-audio DACs when 
the basic music is initially sam- 
pled and quantized with 16-bit res- 
olution? It’s not for CD-player 
marketing hype. Rather, higher- 
resolution DACs are needed to re- 


Digital control and 
error-correction circuits 


Typical 
first-generation 
CD-player digital-to- 
analog conversion 


44.1-kHz bit-stream 
from compact-disc 
read circuits 


decoder and 


duce truncation noise, which is 
added to the audio passband dur- 
ing the oversampling process by 
digital filters. Digital filters per- 
form multiply-accumulate opera- 
tions in which two 16-bit binary 
numbers are multiplied by each 
other. The answer can run over 40 
bits, which takes lots of silicon. Of 
more importance, to preserve true 
signal purity a fast 40-bit DAC is 
required, which is impossible even 
to conceive, let alone build. As a 
result, the latest interpolators 
round off, or truncate, the accu- 
mulation, producing a choice of 
“practical” 16-, 18-, and 20-bit out- 
put words. The system designer 
can choose which to use, knowing 
that at least theoretically, the 
higher the resolution, the better 
the music will sound. 
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sources 
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New brushless motor techniques? 


Now you have some unique 
design options. With our 
ML4410 and ML4411 _ 
sensorless motor control- 
lers, the first controllers | 
designed to commutate 
brushless DC motors with- 
out the need for Hall-effect sensors. 
Using a patented integrating com- 
mutation technique, these controllers 
even allow for PWM speed control 
and operate in harsh environments. 


Need to extend battery life 
in portable PCs? 


We've just introduced the ML4860, 
the first total system solution to 
battery power conversion for note- 
book and laptop computers. With 
synchronous rectification and a host 
of power manage- 
ment features, 
it extends bat- 
tery life by 
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modifications of 
our standard products offer 


standard tile 
vithiowr ck” arrays, they can 
be easily modified to satisfy specific 
application requirements. Whether 
you require proprietary circuit 
modifications, special screening or 
packaging. 
Want some straight answers? 

Just call Jon Klein at (408) 
433-5200 and ask him about our 
complete line of power control prod- 
ucts. And about our semi-standard 
capabilities. He'll show you that the 
best way to stay ahead of the power 
curve is to take a straight line. 
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bandwidths) due to the delay in their 
filters. 

However, future devices may be 
able to lick this problem by using 
new filter designs analogous to the 
way the filters were changed in del- 
ta-sigma ADCs to permit multiplex- 


ing their inputs. Control systems us- 
ing conventional DACs add some 
low-pass filtering to the DAC out- 
puts without affecting system stabil- 
ity. Of course, the first audio DACs 
were 16-bit general-purpose data 
converters. 
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With The Sharp 
Attenuation of a 
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Features: 

* 8 pole, 6 zero linear 
phase lowpass filters 

¢ Digitally 
programmable 
corner frequency 

* 8 bit (256:1) tuning ratio 

* Internally latched control 
lines to store frequency 
selection data 

¢ Linear phase response to 
minimize phase distortion 

* Sharp roll-off for anti-aliasing 

* Plug in, ready to use, fully finished, 
filter module 

* Five frequency ranges to 51.2kHz 
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While no longer reflected in audio- 
DAC specifications, monotonicity, 
particularly at midscale (zero), im- 
pacts audio characteristics. Howev- 
er, gain and offset errors are less im- 
portant. For example, a typical audio 
DAC might have a gain error of 0.5 
dB (that’s 5%), which would be total- 
ly unacceptable in most general-pur- 
pose applications. However, some 
brave industrial-system designers 
are doing their own migration, using 
present low-cost 16-bit audio DACs 
in lieu of 12-bit general-purpose 
types. 


CONTROLLED TEMPERATURES 

The audio DAC works best in a 
temperature-controlled environ- 
ment, where it’s generally higher, 
unspecified and untested gain and 
offset drift can be tolerated. And the 
designer must learn to live with the 
serial input and +3-V output. On the 
other hand, all of the latest audio 
DACs work off +5-V rails. And low- 
power (under 100 mW) devices are 
available for battery-powered in- 
strumentation. Furthermore, you 
can get a pair of IC audio DACs ina 
16-pin SOIC package for just $10. 
But these DACs also need a low-jit- 
ter high-frequency clock, something 
not always available in an instru- 
mentation system. 

Several low-cost 16- and 18-bit au- 
dio DACs already represent the mi- 
gration path to industrial applica- 
tions. Analog Devices’ AD669 and 
AD766, and Burr-Brown’s DSP201 
and DSP202 are some examples. The 
last three aim at DSP and frequency- 
synthesis applications. Their serial 
inputs and ac specifications show 
their audio heritage. Even the 
AD669, which is designed for paral- 
lel-input signals, can handle update 
rates up to 500 kHz and produce low- 
distortion sine waves well beyond 
the audio band, according to Analog 
Devices. 

Integral linearity, or relative accu- 
racy, along with gain and offset er- 
rors, are of secondary importance in 
control systems. While they do deter- 
mine the system’s absolute accuracy 
in set-point applications, errors in 
both set-point and feedback applica- 
tions can be calibrated out. Gain and 
GN 
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For complete data call or write today. 
Specification ADS-112 ADS-117 ADS-118 DATEL, Inc., 11 Cabot Boulevard, 
THD (dB) -78 -78 -73 Mansfield, MA 02048. Telephone: 
SNRD (dB) 70 70 66 (508)339-3000, FAX: (508)339-6356. 
Effective Bits 11.4 11.4 10.5 


For immediate assistance: all USA, 
EST business hours 1-800-233-2765; 


Contact DATEL for availability of SMT packaging and MIL-STD-883 models Western region only, PST business 
hours 1-800-452-0719. 
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16-bit Counter 
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16-bit Accumulator 


Use PLD Tools. 


You design Actel FPGAs using 
the same tools as you would a PLD: 
ABEL™ CUPL” LOG/iC™ and 
PGADesigner.™ But that’s where 
the similarity ends. 


100% Automatic Place And Route. 


Coupled with your PLD tools, 
Actel’s Action Logic™ System (ALS) 
software lets you create your 
own FPGAs— using a 386 PC or 
workstation — right at your own 
desk. With Auto Place and Route 
that's proven in thousands 


Fast. Fast. Fast. 


Our FPGAs are real speed demons. 
Whatever application you may 
be working on, our parts will 
give you the kind of performance 
you're looking for. 


Announcing A Simple Way To Get 


From PLDs ‘To FPGAs. 


If you're a PLD designer 
with an interest in fast, 
flexible FPGAs, but you 
think you don’t have time 
to learn new design tech- 
niques, we'd like to change 
your mind. 

First of all, you don’t 
have to give up your exist- 
ing PLD design tools or 
Boolean equations. Actel’s 
ALES” 1 program trans- 
lates the output of PLD 


tools like CUPL” and 
LOG/iC™ into logic opti- 
mized for our ACT™ 
devices. ABEL” 4.0 
includes optimization for 
Actel devices. Entire FPGA 
designs can be developed 
with PGADesigner.™ 
Actel devices offer 
everything you want in an 
FPGA. Like high I/O and 
flip-flop counts. And 
100% automatic place 


and route gets you to 
market fast. 

Once your FPGA is 
designed, our Action Logic™ 
System (ALS) converts 
the captured design into 
a completed device in 
minutes. To give you true, 
high-density, field-pro- 
grammable, channeled 
gate arrays. 

Other FPGA manufac- 
turers fall short on design 
verification. Our exclusive 
Actionprobe* diagnostic 
tools, give you 100% 


of applications. 


observability of internal 
logic signals. So you don't 
have to give up testability 
for convenience. 

It's never been easier to 
make your innovative 
designs a reality. We offer 
you a complete family of 
powerful FPGAs, like the 
A1010 and A1020, avail- 
able in 44, 68 and 84 pin 
PLCC versions and imple- 
menting up to 273 flip- 
flops or up to 546 latches. 
And the first member of our 
ACT 2 family, the power- 
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GAs ‘The Same Way 
> Similarity Ends There. 


More Flexibility And Capacity. 


Designing with Actel FPGAs 
gives you more freedom than you 
ever imagined. More gates. 
More flip-flops. More I/O. In fact, 
our new A1280 is the largest 
FPGA in the world. 


ful A1280. With 8,000 
gates, up to 998 flip-flops, 
and 140 I/O pins, it’s the 
highest capacity FPGA 
today. And our 
A1240-1 is the 
fastest. In the 
A1240-1, 16-bit 
counters run at 
75 MHz, 16-bit 
accumulators at 
33 MHz. Enough 
capacity and 
speed to handle 
almost any application. 
The superior speed, 


The FPGA Design Guide 

Call 1-800-228-3532 
for your free FPGA 
Design Guide. 


Small Footprint. 


Actel FPGAs give you far more 
gates per square inch. As much as 
ten times as many as the densest 
PLDs. That can save a lot 


of real estate. 


capacity, and auto place 
and route capabilities of 
our FPGAs are made pos- 
sible by Actel’s revo- 
lutionary PLICE” 
antifuse program- 
ming element. The 
advanced technol- 
ogy that makes our 
family of FPGAs 
an ideal way to 


unleash your engi- 


neering creativity. 


More Fun. 


Designing Actel FPGAs is so 
simple that you'll have more time 
to do the things that made you 
want to become an engineer 
in the first place. Or just relaxing. 


You've earned it. 
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ELECTRONIC DESIGN REPORT 


HIGH-RESOLUTION DACs 


offset can be trimmed as well. Obvi- 
ously, if system calibration isn’t 
used, these errors must be consid- 
ered. In feedback loops, gain and in- 
tegral linearity errors have signifi- 
cantly less effect while resolution 

and monotonicity are all important, 
| because the system is homing in ona 
set point. 


GLITCHING GLITCHES 

Each of the many waveform-syn- 
thesis applications have their own 
sets of critical specifications. As fre- 
quencies rise, glitches become more 
important. 

In the past, sample-and-hold am- 
plifiers on the output, called deg- 


| litchers, eliminated the effects of 


skew on the arrival of data bits, par- 
ticularly at the major carry. Howev- 
er, today’s low-glitech DACs load all 
of the bits into a register as they ar- 
rive, and then strobe them all into the 
DAC ina few nanoseconds. 

As synthesis moves to the genera- 
tion of RF signals, the spurious-free 
dynamic range (SFDR) specification 
becomes the prime parameter. You 
don’t want any spurious frequencies 
(spurs) generated above some mini- 
mum level. 

According to TriQuint Semicon- 
ductor, their 14-bit GaAs DACs show 
an SFDR of about 72 dB. If you’re 
looking for high-speed high-resolu- 
tion voltage- or current-output 


| DACs for any purpose, the pickings 


are pretty slim. Just three DACs are 
available: Analog Devices’ voltage- 
output AD766, SPT’s current-output 
HDAC52160, and Sipex’s current- 
output H$9390, a $184 hybrid. 

Multiple DACs per die are also be- 
ginning to appear, with 16-bit dual 
units coming from Burr-Brown and 
Sipex. However, none are 16-bit 
monotonic over temperature. On the 
other hand, Micro Power Systems 
will soon be offering a pair of octal 
14-bit voltage-output DACs, one 
with a serial I/O and the other witha 
parallel 1/0.0 


How VALUABLE? CIRCLE 
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Condor’s Global Piteince 
(GP) switching power supplies 
offer full agency approvals, 
continuous range input 

and more! 


Our newest switchers have the 
approvals you need (UL 1950, VDE 
Level B EMI, IEC 950, CSA and TUV) 
and the features you want, including: 


© 71 models (single- and multi-output) 

e Industry-standard packages 

® 6 power levels (40 to 200W) 
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¢ MTBF 100,000 + hours per Mil Hndbk 
217E 
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on medical versions) 

* Computerized testing (data sheets 
furnished) 

° 2-year warranty 

© 30-day FREE evaluation (call us 
for samples) 


If you’re looking for world class per- 
formance, quick turnaround and 
competitive pricing, try our new GP 
switchers — the only approval they’re 
missing is yours! 
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DESIGN APPLICATIONS 


OP AMPS EXPAND VOLTAGE 
REFERENCE OPTIONS 


BOOTSTRAP 


FEEDBACK ecause de-voltage references predominately supply posi- 
ADDS POLARITY scubirguis fo aa volineerpelarty ecru 
AND MAGNITUDE Fre cteeantertniaies pre ineglae dr novia 
OPTIONS To of Reape gestae ta ena polaris Baciedissapotging this toed 
C ONVENTI ON AL oe lenis aaa voltage without introducing errors from any gain- 
Dc-VOLTAGE riety tee seuttate. Hometee reteset gi convemtiens] options 
REFEREN CES bootstrapping doesn’t restrict either output magnitude to that of the original 


voltage reference. And any polarity combination is available for the two 
bootstrap outputs. In other words, the two output polarities can be the same 
or opposite, relative to each other, and the same or opposite relative to the 
original reference voltage. 

Together, the magnitude and polarity degrees of freedom produce various 
voltage combinations not possible with conventional circuits. Bootstrapping 
options include an inverted output without resistor errors, inverted polarity 
for both circuit outputs, and a noninverting output with gain magnitude less 
than unity. In addition, a variable-output circuit delivers a voltage control 
that spans all magnitude and polarity combinations. 

Consider first the inversion of reference-voltage polarity. Although most 
available voltage references supply positive voltages, negative references 
are also widely needed. A simple approach to the problem uses an inverting 
amplifier to reverse polarity (Fig. 1). The inverter converts the Vp output of 
the voltage reference to a new reference voltage of -R,Vp/R;. Resistor selec- 


JERALD GRAEME tion provides magnitude control along with the polarity inversion. However, 
Burr-Brown Corp., P. 0. Box 11400, the inverter adds resistor errors that can degrade the voltage accuracy. 


Tueson, AZ 85734; (602) 746-7412. In truth, reference, amplifier, and resistor errors all affect the accuracy of 
= —_____________________ tha inverted voltage. The initial tol- 
erance of reference voltage Vp 
transfers directly to the circuit out- 
put in a relative sense. The relative 
or percentage error of voltage Vp 
produces the same percentage error 
in the output of —R,V,/R,. For the 
REF10K reference voltage shown, 
the voltage tolerance error is 5mV or 
0.05% of the nominal 10-V output. 
Output effects of amplifier input er- 
rors depend on the resistor values 
. used. Together, the amplifier input 

: —____—_—_ offset voltage, Vos, and input bias 
1A CONVENTIONAL INVERTING AMPLIFIER reverses the polarity of current, Ip, produce an output error 
areference voltage, but adds resistor errors to the result. of (1 + R,/R,)Vo, + 1,R,. For the 
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OPA77G and the resistors shown, 
this error is 128 pV or about 0.0013% 
of the -10-V output. 

Resistor tolerance errors directly 
affect the output voltage through 
the -R,/R, circuit gain. Two 0.1% re- 
sistors produce as much as 0.2% out- 
put error. This overshadows the 
0.05% and 0.0013% errors of the ref- 
erence and the op amp. Worst-case 
output error totals 0.25% or 25 mV 
for the 10-V output shown. Obvious- 
ly, a better approach is needed. 

To preserve reference-voltage ac- 
curacy, bootstrap feedback inverts 
the voltage polarity without gain- 
setting resistors. The basic boot- 
strap circuit includes phase compen- 
sation elements Rg and Cg (Fig. 2). 


However, these elements are ig- 


nored for the basic de func- 
tion of the circuit: capaci- 
tor C, has no de effect and 
Re produces only a small 
de voltage with the ampli- 
fier input current. Boot- 
strap feedback drives the 
common return terminal 
of the voltage reference. 
The voltage-reference out- 
put follows this drive to 
control the op amp’s in- 
verting input. 

The voltage reference’s 
connection places it in the 
amplifier feedback path 
where feedback forces the 
two op-amp inputs to the 
same voltage. Because the 
amplifier’s noninverting input is con- 
nected to common, the feedback 
drives the voltage reference output 
to 0 V relative to common. In this pro- 
cess, the amplifier output develops a 
negative replica of the reference 
voltage. With the voltage-reference 
output at 0 V, the op-amp output re- 
sides below ground by an amount 
equal to the reference voltage: Vp 
and Vo = -Vr. This bootstrap pro- 
duces polarity inversion without 
gain-setting resistors like those of 
inverter. Thus, the basic bootstrap 
circuit eliminates resistor errors 
from the output. 

The circuit in Figure 2 also reduces 
errors from the amplifier and refer- 
ence. Here, the amplifier transfers 
its Vos error to the new reference 


HJELECTRONIC 


DESIGN APPLICATIONS 


VOLTAGE REFERENCE 
OPTIONS 


output with unity gain. The previous 
inverting amplifier multiplies Vos by 
a gain of 1 + R,/R,. In addition, the 
bootstrap inverter also removes out- 
put loading effects from the voltage- 
reference output. This output no 
longer supplies load currents, and its 
output resistance won’t produce a 
loading-error voltage. Instead, the 
op amp supplies the load currents 
from an output resistance reduced 
by the amplifier’s high de gain. 

In practice, the bootstrap amplifi- 
er adds some error in the reference- 
voltage inversion. However, amplifi- 
er selection controls this error to be 
much less than the error of the volt- 
age reference itself. The voltage tol- 
erance error of the REF10K again 


aise the ee -10- wie = by 5 


2. A BOOTSTRAP AMPLIFIER inverts reference 


voltage polarity without the error of gain-setting resistors. 


mV. Amplifier de-input errors add to 
this by an amount Vos + IpRo. With 
the OPA77G shown in Figure 2, Vos 
= 0.1 mV, or 1/50 of the initial refer- 
ence error. Moreover, the amplifier 
draws an input current of Ip =2.8nA 
through the 1-kf resistor Ro. This 
develops a negligible 0.0028 mV of de 
error. Eliminating the error guides 
the selection of the R, value. A 
worst-case combination of the refer- 
ence and amplifier errors predicts a 
5.1-mV output error, much less than 
the 25 mV encountered with the con- 
ventional inverting amplifier. 

In both the conventional inverter 
and the bootstrap circuit, trimming 
the voltage reference removes the 
initial error of the polarity inversion. 
However, thermal drifts define the 
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ultimate trimmed accuracy. Because 
temperature variations in the nor- 
mal application environment react 
with the circuit’s drift sources, the 
trimmed result is only as dependable 
as its stability in this environment. 

Thermal drifts affect the voltage 
reference, the op amp, and any gain- 
setting resistors used. The REF10K 
voltage reference drifts 1 ppm/°C, or 
10 pV/°C. Careful op-amp selection 
avoids adding to the drift. Drift from 
the amplifier’s de errors adds direct- 
ly to the circuit output. For the con- 
ventional inverter, the de error is (1 
+R,/R,)Vog + 1,R,. The components 
in Figure 1 make the associated out- 
put drift 3 wV/°C. For the re 
inverter, the drift of error Vos + 
IpRci is 1.2 pV/°C. No gain-setting re- 

sistors add to this invert- 
er’s drift, so the worst- 
case total drift is just 11.2 
pV/°C, or 1.12 ppm/°C. 

However, with the con- 
ventional inverter, two re- 
sistor temperature coeffi- 
cients add to the output 
drift. There, two 0.1% wire- 
wound resistors typically 
dominate drift effects with 
a combined drift as high as 
30 ppm/°C. Worst-case to- 
tal drift for this circuit is 
then 31.3 ppm/°C. For a 
+5°C environment, the 
bootstrap circuit limits 
trimmed accuracy to 5.5 
ppm, while the convention- 
al inverter restricts this accuracy to 
around 160 ppm. 

The amplifier selected in the pre- 
ceding analysis didn’t introduce any 
major de errors. However, to retain 
this condition, the op amp’s offset 
control shouldn’t be used to remove 
output error because the offset con- 
trol also affects the amplifier’s off- 
set drift. In other words, using the 
control to null the amplifier’s own 
offset error results in little drift ef- 
fect, but using the amplifier’s offset 
control to null other circuit errors in- 
troduces significant amplifier drift. 

The bootstrap inverter obtains re- 
duced de error at the price of added 
phase compensation. In Figure 2, the 
voltage reference adds a feedback 
pole to one that’s already present 
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from the op amp. Ideally, the voltage 
reference Vp supplies a unity-feed- 
back factor for the op amp and trans- 
fers any amplifier-output change di- 
rectly to the amplifier input. In prac- 
tice, a phase shift through Vp delays 
this transfer at higher frequencies. 
It also adds to the amplifier’s phase 
shift, increasing net phase shift in 
the feedback loop that can cause os- 
cillation. 

To ensure frequency stability, the 
phase compensation bypasses the 
phase shift of Vp at higher frequen- 
cies. Phase-compensation elements 
Rc and C, shown in Figure 2 decou- 
ple the op amp from the feedback of 
the voltage reference. At higher fre- 
quencies, resistor R, blocks the volt- 
age-reference output with the by- 
pass effect of capacitor Co. The com- 
mon node of these two elements is 
the op amp’s feedback input. Control 
of this input shifts with frequency. 
At low frequencies, Cg presents a 
high impedance and offers little 
feedback signal to the feedback in- 
put. Then, feedback through the 
voltage reference prevails and sets 
the level of that input. At higher fre- 
quencies, the impedance of Ce be- 
comes less than that of Rc, and the 
capacitor assumes control of the op 
amp’s feedback. There, C, delivers 
direct feedback between the amplifi- 
er’s output and the feedback input. 
This bypasses the phase shift of the 
Vp feedback and the op amp alone 
controls feedback phase shift. 

R, and Cg set the transition be- 
tween the two feedback control 
paths. Optimum settling time results 
when the break frequency of these 
elements is set well below the domi- 
nant response pole of the reference. 
Unfortunately, voltage reference 
data sheets don’t specify this pole 
frequency, and empirical selection 
sets the phase compensation break 
frequency. First, Rc; is chosen to lim- 
it the de error created with the flow 
of the amplifier’s input current. 
Then, Cg is selected using a square- 
wave-output load current. The out- 
put voltage response to the load 
guides the selection of C, for opti- 
mum settling time. 

A second bootstrap circuit pro- 
vides an inverted reference polarity 
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and includes a second, noninverting 
output. The only difference between 
this circuit and Figure 2 is an added 
feedback voltage divider (Fig. 3). 
The op amp’s output again drives the 
common terminal of the voltage ref- 
erence to shift the reference output 
relative to ground. Once again, the 
voltage reference’s output drives 
the op-amp input, but now througha 
feedback divider. 

The additional voltage divider re- 
stores the voltage reference output 
as a useful reference source. The 
bootstrap amplifier had previously 
forced the voltage reference output 
to zero. With the feedback divider, 
the zero-voltage condition shifts to 
the voltage-divider junction. To zero 
this junction, the feedback develops 
voltages on both of the divider resis- 
tors, and the sum of these two volt- 
ages equals the original reference 
voltage Vp. The voltage divider con- 
nects the output and the common ter- 
minals of the voltage reference. Vp 
divides between the two resistors ac- 
cording to their relative resistances. 
The equal-valued resistors in Figure 
3 support equal voltages of Vp/2. 

Relative to ground, the two resis- 
tor voltages present opposite-polari- 
ty output voltages in Vo, and Vo». 
Zero voltage resides at the junction 
of the resistors. One resistor’s volt- 
age rises above ground, while the 
other drops below. 
This sets the op 
amp’s output at a 
level of Vo2 = -V,/ 
2. Then, feedback 
through the volt- 
age reference pro- 
duces a second volt- 
age-reference out- 
put of Vo; = Vo. + 
Vr — Vp/2. Thus, 
the circuit supplies 
equal and opposite 
reference voltages 
with magnitudes 
equal to one-half 
the original refer- 
ence voltage. Digi- 
tal-to-analog con- 
verters employ this 
reference-voltage 
combination by 
having one polarity 
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oR BOOTSTRAP PING AND a voltage divider split a 


reference voltage into two output voltages of opposite polarity. 
DFE Sel GN 


supply the basic reference require- 
ment, and the opposite polarity serve 
the bipolar-offset function. 

Errors in Figure 3’s reference out- 
puts follow from Figure 2, and are 
combined with the additional error 
effects of the feedback divider. Tol- 
erance error of the initial reference 
voltage Vp divides equally between 
the two circuit outputs through the 
equal resistors of the divider. Thus, 
the two outputs tend to track with 
respect to this error, which benefits 
the DAC application already men- 
tioned. For the REF101J shown in 
Figure 3, a 5-mV tolerance error al- 
ters the circuit’s ideal 10-V output by 
0.05%. The same percentage error 
transfers to Vo, and Vos, because Vp 
is a direct multiplier in the related 
output expressions. 

Amplifier input errors also affect 
the two circuit outputs equally. Off- 
set voltage Vos directly shifts the 
voltage divider junction away from 0 
V. No change results in the resistor 
voltages, but the junction shift 
moves the two circuit outputs rela- 
tive to ground. Both outputs move an 
amount equal to Vog. Input bias cur- 
rent I, shifts the outputs through as- 
sociated voltage drops on the feed- 
back resistors. With equal-valued re- 
sistors, one-half of I, flows in each 
resistor to shift the two outputs by 
an amount equaling I,R/2. The net 


error is then Vog + I,R/2 for both 
outputs. With the OPA177G and re- 
sistor values given in Figure 3, net 
error is 64 pV, or about 0.0013% of 
the 5-V outputs. 

The dominant error in Figure 3 re- 
sults from the resistors added by the 
feedback divider. The divider resis- 
tors introduce errors like those de- 
scribed for the inverter in Figure 1. 
Wirewound 0.1% resistors increase 
the initial errors in Vp, and Vo», by as 
much as 0.2%, or four times the 
above Vp tolerance error. 

Circuit trim removes the net out- 
put errors within the limit imposed 
by thermal drifts. First, trimming 
the voltage reference adjusts the dif- 
ference between Vo, and Vo, so that 
it’s equal to the ideal value of Vp. 
Then, resistor trimming 
sets a monitored circuit 
output to its ideal value. 
Either circuit output can 
be monitored because the 
resistor trim actually ad- 
justs both outputs to their 
ideal values after the first 
trim adjusts the difference 
between the two voltages. 
The second trim, which 
merely modifies the two 
voltages so they’re rela- 
tive to ground, compen- 
sates for errors due to both 
the resistors and the ampli- 
fier offset. The most con- 
venient resistor trim is ob- 
tained with a potentiome- 
ter inserted between the 
two resistors. In this case, the poten- 
tiometer wiper rather than the resis- 
tor junction connects to the op-amp 
input. 

Trimmed accuracy in Figure 3 de- 
pends upon the temperature coeffi- 
cients of the circuit components. The 
REF101J’s output drifts 3 ppm/°C, 
and this relative sensitivity trans- 
fers directly to the two circuit out- 
puts. Op-amp-induced errors of Vos 
+ 1,R/2 also contribute output 
drifts. The 0.7- wV/°C drift of Vos and 
60-pA/°C drift of Ip produce 1.3-~V/ 
°C output drifts for the 10-kQ resis- 
tors. This drift component translates 
to a relative sensitivity of 0.26 ppm/ 
°C. Net drift effect of the two circuit 
outputs is then 3.26 ppm/°C. 
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Drift effect remains small com- 
pared to that produced by typical re- 
sistor drift. Resistor drift alters the 
division of voltage Vp between the 
two circuit outputs. Typical 0.1% 
wirewound resistors drift 15 ppm/ 
°C, or about five times that of the oth- 
er components previously men- 
tioned. Combined, the worst-case 
drift error of the components limits 
trimmed accuracy to around 0.09% in 
a +5°C environment. A resistor net- 
work produces greater precision for 
the voltage divider. Then, the resis- 
tors track with temperature so that 
their temperature coefficients have 
canceling effects in the division of 
voltage Vp. 

Phase compensation for Figure 3 
follows from the Figure 2 discussion. 


4. MAGNITUDE CONTROL without polarity reversal for 


Vo > Vp can be supplied by variable-gain noninverting amplifiers. 


The compensation decouples the op- 
amp feedback from the high-fre- 
quency phase shift of the voltage 
reference. As before, capacitor C¢ 
offers a direct high-frequency feed- 
back path for the op amp. At higher 
frequencies, the impedance of C, be- 
comes low compared to that of the 
feedback resistance, decoupling the 
feedback through the voltage refer- 
ence in favor of the direct feedback 
through C,. Previously, this decou- 
pling required the addition of an iso- 
lating resistance, Re. However, in 
this case, the feedback network pro- 
vides the required resistance. 

Selecting the phase-compensation 
components requires empirical eval- 
uation. First, the value of resistance 
DE ee 6 
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R is selected to limit the quiescent 
current consumed by the feedback 
network. Then, C, is selected for 
good output settling time under load- 
current transients. To simulate the 
effect of these transients, a square- 
wave current load is applied to the 
Vo; output. The resulting Vo, set- 
tling response guides the capacitor 
selection. 

A unique capability occurs in the 
noninverting output of the Figure 3 
configuration. The Vo, output pre- 
sents a voltage of the same polarity 
as the voltage reference, but with a 
lesser magnitude. Change of voltage 
magnitude without changing polari- 
ty typically involves noninverting 
amplifier connections of op amps 
(Fig. 4). The figure illustrates this 
case with variable gain (a 
bootstrap alternative will 
be presented next). The 
noninverting amplifier in 
Figure 4 provides a circuit 
gain of 1/(1—x), where xis 
the potentiometer frac- 
tional setting. Because 0 
< x < 1, this gain is never 
less than unity. Thus, the 
circuit constrains the out- 
put-voltage magnitude to 
be Vo > Vp. Moreover, the 
1/(1 - x) relationship pro- 
duces nonlinear gain varia- 
tion as x varies. 

To retain the voltage po- 
larity and reduce magni- 
tude, two inverting ampli- 
fiers could be connected in 
series. However, this straightfor- 
ward approach introduces the errors 
of two amplifiers and their feedback 
resistors. Instead, a variable-magni- 
tude circuit serves the reduced volt- 
age requirements by using the boot- 
strap in Figure 3 (Fig. 5). A potenti- 
ometer replaces the previous feed- 
back resistors, and compensation 
resistor Re is reintroduced. These 
changes open up a variable-gain op- 
tion that’s also available to the cir- 
cuits discussed later in the article. 

In Figure 5, Vp remains across the 
feedback divider now provided by 
the potentiometer. Vp divides be- 
tween the segments of this divider 
depending on the potentiometer 
fraction x. At the noninverting Vo, 
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Voi =XVR< Vp 


Common 
1000 pF 
Cc 


OPA177G 


o Vo2=(x-1)Vp<0 


5. A VARIABLE-GAIN bootstrap amplifier provides 
noninverting gain (V, < V,) and linear gain control. A 
potentiometer replaces the previous feedback resistors, and 
compensation resistor R, is reintroduced. 


output, the circuit 
produces Vo, = 
xVp. Here, x < 1, 
and the desired 
magnitude reduc- 
tion occurs while 
the polarity of Vo; 
remains the same 
as that of Vp. Con- 
sequently, the cir- 
cuit produces Vp < 
Vp without revers- 
ing polarity. As a 
side benefit, the cir- 
cuit linearizes the 
variable gain con- 
trol. Note that Vo, 
= xVp shows a lin- 
ear relationship be- 
tween x and the 
output voltage. 
Figure 5 also re- 
tains the second 
output of Figure 3, 
Vog. This output in- 


verts polarity and also provides a 
gain magnitude below unity. At the 
second output, Vo. = (x — 1)Vp. Be- 
cause 0 < x < 1, Vo supplies a re- 
duced voltage magnitude and a po- 
larity opposite that of Vp. A con- 
straint on the magnitude of Vo, re- 
sults from its relationship to Vo). 
The difference between the two out- 
put voltages equals Vp because the 
original voltage reference connects 
between the two circuit outputs. Ei- 
ther Vo; or Voz can be set to any volt- 
age magnitude < Vp, but the other 
output is then constrained by the re- 
quirement Vo; — Vo2= Vr. 

Many application circuits over- 
come the output constraint through 
resistor scaling. Connecting a refer- 
ence voltage to a resistor input ac- 
quires an extra degree of freedom 
from Ohm’s Law. The resistor input 
converts the reference voltage to a 
current used by the application cir- 
cuit. The bipolar offsetting of DACs 
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is one such example. In this case, Vo; 
sets the desired level for the DAC 
reference voltage, and the opposite 
polarity Vo. supplies the bipolar off- 
setting. The offsetting Vo. connects 
to a resistor for voltage-to-current 
conversion. Choosing this resistor 
accommodates the actual voltage of 
Vog. Similar freedom prevails when 
applying a reference voltage to an 
Op-amp summing resistor. 

Output errors for the two refer- 
ence voltages in Figure 5 generally 
follow from the discussion on Figure 
3. Errors from the voltage reference 
and op amp repeat with allowance 
for the potentiometer setting x. The 
5-mV tolerance error of the REF101J 
represents 0.05% of the reference’s 
output. This 5 mV divides between 
the two circuit outputs in proportion 
to their output-voltage magnitudes. 
As a result, the relative error trans- 
ferred to the outputs remains 0.05%. 

The net effect of amplifier errors 


varies with the potentiometer set- 
ting. Amplifier input-offset voltage 
again transfers directly to the two 
circuit outputs. The offset shifts 
both outputs by the total amount 
Vos, independent of the individual 
output magnitudes. Amplifier input- 
bias current reacts with the two seg- 
ments of the potentiometer, and 
splits between the segments in in- 
verse proportion to their resistances. 
Resulting error voltages are in di- 
rect proportion to the segment resis- 
tances, and the inverse and direct 
proportionalities produce counter- 
acting effects in the error voltages 
developed. The two output errors 
produced are again equal. Both out- 
puts shift by an amount x(1-x)I,R,. 
Thus, the net amplifier error trans- 
ferred to the two outputs is Vos + x(1 
- x)I,R,. A potentiometer setting of 
x = 0.5 maximizes the error. For the 
OPA177G, the error shifts the out- 
puts by 95 pV. 
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In contrast to the circuit in Figure 
3, no resistance tolerance affects the 
outputs in Figure 5. The initial refer- 
ence voltage Vp divides between the 
two potentiometer segments in ac- 
cordance with the relative segment 
resistances. The absolute value of 
the total potentiometer resistance is 
unimportant. However, the nonlin- 
earity error of the potentiometer 
control raises a potential new error 
source because it causes variation in 
the relationship between output volt- 
age and potentiometer rotation. In 
most cases, an output voltage moni- 
tor guides the potentiometer adjust- 
ment and bypasses this nonlinearity 
error. If not, precision potentiome- 
ters offer control nonlinearities as 
low as 0.1%. 

Thermal drift again limits the final 
accuracy of the circuit outputs. The 
reference voltage, amplifier offset, 
and potentiometer each introduce 
thermal sensitivities that alter the 


trimmed output values. Reference 
voltage Vp from the REF101J intro- 
duces a 3-ppm/°C drift to both out- 
puts. Then, the OPA177GQ’s drift al- 
ters the Vos + x(1-x)IpR, output er- 
rors for additional drifts as large as 
1.3 pV/°C. Potentiometer construc- 
tion inherently limits the effect of its 
drift. As stated, the actual value of 
the potentiometer resistance is un- 
important, and drift in this resis- 
tance doesn’t alter the output volt- 
ages. Only the difference in drifts of 
the xR and (1 - x)R potentiometer 
segments affects the circuit outputs. 
The same material forms both seg- 
ments, and a 100-ppm/°C potentiom- 
eter provides segment drift tracking 
to within 5 ppm/°C. Combined, the 
drift sources limit practical trimmed 
accuracy to around 40 ppm. 

Phase compensation for Figure 5’s 
circuit follows the approach used in 
Figures 2 and 3. As with the circuit in 
Figure 2, R, and C, decouple the op- 
amp feedback from the phase shift 
of the voltage reference. Figure 3’s 
circuit adds capacitor C, for the 
phase compensation, but the feed- 
back network provides the resistive 
portion of the decoupling. With po- 
tentiometer feedback, the equiva- 
lent feedback resistance varies with 
the potentiometer setting, and even 
goes to zero. Then, by adding Rg, a 
minimum decoupling resistance is 
set. Once again, choosing a low value 
for Re minimizes the error created 
with the amplifier-input current. Af- 
ter that, empirical testing defines 
the optimum value for Cg as de- 
scribed in Figure 2’s discussion. 

The circuit in Figure 5 supplies 
two output reference voltages of op- 
posite polarity. Other polarity rela- 
tionships result by adding positive 
feedback. Then, bootstrap circuits 
supply two outputs of the same po- 
larity, which is either the same as or 
opposite that of the original refer- 
ence voltage. In the noninverting 
version of the positive feedback con- 
figuration, the voltage-follower op 
amp sets the negative feedback of 
the circuit at unity (Fig. 6). The nega- 
tive feedback retains circuit stability 
in the presence of the positive feed- 
back. Positive feedback from the am- 
plifier output travels through the 
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voltage reference 
and then through a 
feedback voltage 
divider. The divid- 
er’s output con- 
nects to the amplifi- 
er noninverting in- 
put, defining a posi- 
tive polarity for the 
feedback path. 

Combined nega- 
tive and positive 
feedbacks produce 
two noninverting 
reference outputs 
that overcome two 
magnitude  con- 
straints of conven- 
tional solutions. 
The conventional 
alternative for a 
dual-output, nonin- 
verting reference 
simply connects a 
noninverting amplifier to the volt- 
age-reference output. However, the 
first output of this alternative re- 
mains that of the reference itself, 
Vp. In addition, the second output 
has the magnitude constraint of Vo 
> Vp. Bootstrapping removes both 
magnitude constraints in the circuit 
shown in Figure 6. 

Here, two circuit gains scale the 
two output voltages. The feedback 
divider delivers a fraction of Vo, to 
the op amp’s noninverting input. 
Connected as a voltage follower, the 
op amp transfers this fraction to the 
amplifier’s output. Therefore, Vo. = 
RjVo;/(R, + R,). Also, the op amp’s 
output drives the common terminal 
of the voltage reference to shift its 
output voltage relative to ground, 
producing Vo; = Vo + Vp. Combin- 
ing this result with the previous Vo. 
expression defines the output volt- 
ages in figure 6 as: 


Voi — rel a R./R,)Vp 
Voz = (Ro/R,)Vp 


Thus, the circuit develops two resis- 
tor-controlled gains for two distinct 
output voltages. 

Both Vo; and Vo, retain the same 
polarity as the original Vp. Neither 
output voltage is constrained to 
equal Vp, and Vo, can have a magni- 
tude greater than or less than Vp. 
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6. CONNECTING THE voltage reference in a positive 


feedback path produces two noninverting outputs. 


The only constraint on the output 
voltages results from the voltage- 
reference connection between the 
two circuit outputs. With this con- 
nection, the difference between the 
two output voltages equals Vp. For 
the specific resistors shown in Fig- 
ure 6, the circuit transforms an origi- 
nal 10-V reference into output volt- 
ages of 12 V and 2 V. 

Accuracy limitations for the cir- 
cuit in figure 6 parallel those de- 
scribed for previous circuits, but 
with reduced error from the resis- 
tors and increased error from the 
amplifier offset. The voltage refer- 
ence introduces static errors and 
thermal drifts identical to those of 
the circuit in Figure 5. The associat- 
ed relative errors directly affect the 
Vp terms of the output expressions 
for Figure 6. For the REF 102A, a 10- 
mV tolerance error in a 10-V output 
makes the relative tolerance error 
0.1%. This 0.1% tolerance affects 
both Vo; and Vop. Similarly, the out- 
puts repeat V;’s 10-ppm/°C drift. 

The op amp’s voltage-follower 
connection reduces resistor-error ef- 
fect in only one of the output volt- 
ages. Resistor errors produce out- 
put-voltage deviations through the 
two gains of the circuit. Although 
different voltage gains set the cir- 
cuit’s two output voltages, both 
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gains depend on the feedback resis- 
tors. As stated previously, Vo. = 
(R,/R,)Vp, and the errors of the two 
resistors directly affect the gain pro- 
ducing this output. Consequently, 
0.1%-resistors produce as much as a 
0.2% error in Vo., and 15 ppm/°C re- 
sistor drifts introduce as much as 30 
ppm/°C output drift. 

The voltage follower reduces 
these errors for the other output 
where Vo; = (1 + R2/R,)Vp. The “1” 
term reduces the gain sensitivity to 


R, and R,. Resistor errors only affect 
the R,/R, portion of the gain, and 
this portion is the fraction R,/(R, + 
R.) of the total gain. For the specific 
resistors shown in Figure 6, this 
fraction is 1/6. A 0.2% total resistor 
error produces a 0.033% error in Vo, 
anda total resistor drift of 30 ppm/°C 
produces a 5-ppm/°C output drift. 
The error-reducing “1” term results 
from bootstrap feedback through a 
voltage follower. The follower needs 
no error-producing resistors to set 
the amplifier’s unity gain. 

However, the positive feedback of 
Figure 6 increases the effect of am- 


Eee hi, Bead! Ra OWN ie 


7. MOVING THE VOLTAGE reference to the negative 


feedback path produces two inverting outputs. 
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plifier-input errors. Positive feed- 
back reduces the circuit’s net feed- 
back factor, B. With both negative 
and positive feedback, the circuit’s 
net feedback factor becomes the dif- 
ference between the two factors}. 
Op-amp circuits amplify input errors 
by a gain of 1/8, so positive feedback 
increases the resulting output er- 
ror.? The negative feedback of the 
voltage follower sets B_ = 1, and the 
positive feedback through the resis- 
tors sets B, = R,/(R, + R.). Then, 
the net feedback 
factor is B =B_-B, 
=1-R,/(R, + R,)= 
R,/(R, + Ry). 

The input errors 
amplified by 1/8 in- 
clude Vos, and the 
error-voltage ef- 
fect of Ip. Amplifi- 
er-input current Ip 
reacts with the par- 
allel combination of 
R, and R, to devel- 
op a second compo- 
nent of input-offset 
voltage. Net ampli- 
fier input-offset er- 
ror is then Vos a 
I,R,||Ro. Thus, the 
amplifier input er- 
rors produce out- 
put offsets of (Vos 
+ IpgR,||R2)/B = 
Vos/B + IpRo. This 
offset shifts both 
circuit-output volt- 
ages by the full off- 
set amount. With 
the components 
shown in Figure 6, 
Vos = 50 pV, I,R, = 28 pV, and 1/B 
= 6/5 for output offsets of 94 pV. 
The same error gain applies to the 
drift in input-offset error. The com- 
ponents shown in Figure 6 produce 
drifts of 1.6 wV/°C in both circuit out- 
puts. For the output voltages, the 
greater relative error is found on the 
2-V output. There, the initial offset 
represents about 0.005%, and the off- 
set drift represents 80 ppm/°C. 

Circuit trimming again removes 
the output errors to the degree per- 
mitted by thermal drifts. For best ac- 
curacy, the voltage reference and re- 
sistors are both trimmed. First, trim- 
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ming the voltage reference sets Vo; 
— Vo at the ideal value of Vp. Then, 
resistor trimming sets Vo, at its ideal 
value relative to ground. Here, the 
Vo. output serves as the trim moni- 
tor because of this output’s greater 
gain sensitivity to resistor value. As 
mentioned earlier, this sensitivity re- 
duces for Vo;. However, the trim of 
Voz automatically adjusts Vo, as 
well, because the previous trim sets 
the difference between the two volt- 
ages. Following these trims, the 
thermal drifts set the practical 
trimmed accuracy in Figure 6 at 
0.02% for Voz and 0.008% for Vo}. 

The circuit’s positive feedback re- 
moves phase-compensation compo- 
nents, while previous circuits re- 
quire phase compensation to bypass 
the phase shift of the voltage refer- 
ence. In previous circuits, a negative- 
feedback connection of the voltage 
reference adds the reference’s re- 
sponse pole to the negative feedback 
loop. This added pole degrades sta- 
bility. However, in Figure 6, the volt- 
age reference’s pole rolls off the pos- 
itive, rather than negative, feed- 
back, which benefits rather than 
compromises the circuit’s stability. 
As a result, the circuit requires no 
added phase compensation. 

Though previously mentioned pos- 
itive feedback transforms a refer- 
ence voltage into two voltages that 
retain the original polarity, modified 
positive feedback also makes this 
transformation for two output volt- 
ages with inverted polarities. To in- 
vert the result, the voltage reference 
returns to the negative feedback 
path (Fig. 7). Feedback through the 
voltage reference then replaces the 
follower feedback of the preceding 
circuit. This feedback switch re- 
quires reintroduction of phase-com- 
pensation elements R, and Co. How- 
ever, these elements don’t affect the 
basic de function of the circuit. 

The circuit in Figure 7 combines 
Figure 2’s bootstrap inverter with 
the positive-feedback resistors of 
the last circuit. In Figure 2, the 
grounded noninverting input of the 
amplifier forces the voltage-refer- 
ence output to 0 V relative to ground. 
To accomplish this feat, the amplifier 
output moves to -Vp. The circuit in 
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Figure 7 doesn’t ground the nonin- 
verting input, but instead drives this 
input with a positive feedback signal 
from the amplifier output. The added 
drive shifts the amplifier output be- 
low -Vp, and drags the voltage refer- 
ence output with it. Then, both out- 
put voltages are non-zero and invert- 
ed in polarity relative to Vp. 

Net circuit feedback controls the 
magnitudes of the two output volt- 
ages. Simple loop analysis combines 
the amplifier’s negative and positive 
feedback effects. Ignoring the small 
effect of Re, the output voltage Vo, 
equals the voltage at the op amp’s 
inverting input. In turn, this voltage 
equals that at the noninverting in- 
put. The common input voltage de- 
velops through the positive feedback 
of R, and R,. Output voltage Vo» 
drives these resistors, and the resis- 
tor-divider action sets the amplifier’s 
input voltages through Vo; = R2Vo2/ 
(R, + R,). Vo; also relates to Vo 
through the bootstrap feedback of 
the voltage reference. This feedback 
sets Vo; = Voo + Vp. Solving the two 
Vo, equations simultaneously shows 
that the outputs in Figure 7 are: 


Voi = -(R2/R,)Vp 
Vo2=-(1 + R,/R,)Vp 


These output voltages mirror the 
last circuit’s outputs except for in- 
verted polarity and reversed output 
terminals. As desired, the circuit in 
Figure 7 inverts the polarity of both 
outputs from that of Vp, and neither 
output magnitude is constrained to 
Vp. However, the voltage Vp retains 
control over the difference between 
the two output voltages. In the fig- 
ure, the voltage reference again con- 
nects directly between the two cir- 
cuit outputs. For the specific compo- 
nents shown, the original +10-V ref- 
erence produces output voltages of 
-2 V and-12V. 

Output errors duplicate those de- 
scribed for the last circuit. The ex- 
pressions for Vo; and Vo, demon- 
strate this for output errors that are 
caused by the voltage reference and 
resistors. Note that these expres- 
sions again reflect direct dependence 
on Vp. The relative tolerance error 
and drift of the voltage reference 
transfer directly to the circuit out- 
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puts. The output 
expressions also re- 
flect the effect of 
resistor errors 
through the circuit 
gains. The two 
gains defining the 
outputs are -R./R, 
and -(1 + R,/R,). 
Resistor errors al- 
ter these gains to 
produce output er- 
rors. The circuit 
gains are identical 
to those described 
for the last circuit, 
and the resistor-er- 
ror effects deter- 
mined before apply 
here as well. 

Analysis shows 
that the output er- 
rors caused by the 
amplifier also re- 
peat in Figure 7’s circuit. The op 
amp’s net input error consists of the 
amplifier input-offset voltage plus 
the offset voltage created by the am- 
plifier input bias current. This cur- 
rent reacts with the parallel combi- 
nation of R, and R., with the net am- 
plifier input error becoming: Vog + 
1,R,||Ro, producing the same error as 
did the preceding circuit. The circuit 
amplifies this error by a gain of 1/8 
to produce output errors. While feed- 
back differs from the previous cir- 
cuit, the net 1/8 gain is the same. 

In Figure 7, the feedback through 
the voltage reference sets the nega- 
tive-feedback factor at unity, and the 
feedback through the resistor divid- 
er produces a positive feedback fac- 
tor of R./(R, + R,). Subtracting 
these two feedback factors defines 
the circuit’s net feedback factor as: B 
= B_-B,=R,/(R, + R,). Thus, the 
amplifier input errors produce out- 
put offsets of (V., + 1,R,||R,)/B = 
Vos/B + IpRo:. This amplifier-error 
expression generates offsets equal 
to those from the preceding circuit. 

Consequently, errors from the ref- 
erence, resistors, and amplifier all 
transfer to the circuit outputs in the 
same way as described for the circuit 
in Figure 6. In addition, the two cir- 
cuits have the same specific compo- 
nents, as well as the same numerical- 
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8. AN OP AMP with both inverting and noninverting gains 
delivers a variable reference voltage that spans both polarities. 


error results. The voltage reference 
produces 0.1% initial errors and 10 
ppm/°C drifts in the two outputs. As 
before, resistor errors affect the two 
outputs differently due to the “1” 
term in one of the gain equations. Be- 
tween the two circuits, this term 
switches from Vo, to Vos, and the re- 
sistor-error effects also switch. 
Then, resistor errors produce as 
much as 0.2% error and 30 ppm/°C 
drift in Vo,. Corresponding errors 
for Vo, are 0.033% error and 5 ppm/ 
°C. Amplifier-input errors again pro- 
duce output offsets of 94 »V and 
drifts of 1.6 wV/°C. 

Error trim first removes the volt- 
age-reference-tolerance effect by 
setting the voltage difference be- 
tween Vo; and Vo». Trimming the 
voltage reference sets this differ- 
ence at the ideal Vp value. Then, re- 
sistor trim simultaneously corrects 
the two outputs relative to ground. 
For this trim, monitoring Vo, offers 
the best resolution because of its 
greater sensitivity to the resistor 
values. Trimmed accuracy in a labo- 
ratory temperature environment is 
0.02% for Vo, and 0.008% for V op. 

Phase compensation for the circuit 
in Figure 7 follows the approach tak- 
en in Figure 2. Compensation ele- 
ments R, and Cc, decouple the circuit 
feedback from the phase shift intro- 
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Or the Gould 465, with 100OMHz 
bandwidth with a full 20OMS/sec 
sampling on two channels. It’s about 
20 times faster than similarly priced 
DSOs. The 465 includes 2GS/sec 
equivalent time sampling, persistence 
mode, glitch capture, and a built-in 
4-color pen plotter. 
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For an on-site demonstration, 
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duced by the voltage reference. 
Carefully choosing Rg limits the de 
error that the resistor creates with 
the amplifier’s input current. Then, 
empirical selection of C. optimizes 
output settling response to a load- 
current transient. 

The final voltage-reference circuit 
offers variable control of both mag- 
nitude and polarity (Fig. 8). It 
achieves this control through a vari- 
able combination of positive and neg- 
ative gain.’ Both inverting and non- 
inverting responses result from the 
two connections of Vp to the op amp. 
Superposition separates the two re- 
sponses for analysis. First, Vp con- 
nects to the amplifier’s inverting in- 
put through the feedback network of 
the two R resistors. This connection 
sets an inverting gain of -1, and the 
first component of output voltage 
becomes —-Vp. 

A second output component re- 
sults from connecting Vp to the am- 
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plifier’s noninverting input. Vp 
drives this input through the potenti- 
ometer R,. Potentiometer adjust- 
ment varies the noninverting gain 
from 0 to +2 depending on the poten- 
tiometer fractional setting, x. A set- 
ting of x = 0 grounds the noninvert- 
ing input of the op amp for a nonin- 
verting gain of 0. Then, the inverting 
gain alone controls the circuit output 
and V,) =-Vp. At the opposite poten- 
tiometer extreme, x = 1 and Vp con- 
nects directly to the amplifier’s non- 
inverting input. Under superposition 
conditions, this connection produces 
a noninverting-gain component of 
+2 through the equal-valued R feed- 
back resistors. Superposition combi- 
nation then results in a net circuit 
gain of -1 + 2 = +1, and Vo = Vp. 
Thus, the potentiometer varies the 
circuit output from -Vp to + Vp. 

In between the potentiometer ex- 
tremes, the output voltage varies lin- 
early with the setting x. Potentiome- 
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ter variation produces a output re- 
sponse of: 


Vo = (2x-1)Vp 


With the REF 10 shown in Figure 8, 
Vp = 10 V. Consequently, the cireuit 
provides a continuously variable ref- 
erence voltage from -10 V to 10 V. 
Traditional amplifier connections 
lack this bipolar range because nei- 
ther the inverting or noninverting 
amplifier can switch gain polarity. 
Moreover, the circuit offers the less- 
than-unity noninverting gains not 
possible with the traditional nonin- 
verting amplifier. 

As before, the output voltage devi- 
ates from the ideal because of the er- 
rors of the voltage reference, the op 
amp, and the resistances. Relative 
error in the voltage-reference output 
translates directly to the circuit out- 
put because Vp, is a direct multiplier 
term in the output equation. With the 
REF10J, a 5-mV tolerance skews the 
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ideal 10-V output by 0.05%. This per- 
centage error transfers directly to 
the circuit's output, independent of 
the potentiometer setting. Similarly, 
the relative 3 ppm/°C drift of the 
voltage reference shows up in the 
circuit’s output. 

Amplifier-input errors add to this 
output error. The op amp’s offset 
voltage transmits an error to the out- 
put through a gain of 1/8. Here, 1/8 
= 2 because of the equal-valued feed- 
back resistors. The effect of amplifi- 
er input current I, adds to this off- 
set, and the resulting output offset is 
I,R. Combined, the two amplifier er- 
rors produce an output error of 2Vo¢ 
+ 1,R. This error remains indepen- 
dent of the potentiometer setting. 
Drift in this combined offset further 
adds to output error. With the preci- 
sion OPA177G in Figure 8, the ampli- 
fier offset and drift effects produce 
negligible output errors of 134 pV 
and 2.7 pV/°C. 
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The fixed resistors’ tolerance er- 
rors and drifts influence the output 
voltage in a variable amount, de- 
pending on the potentiometer set- 
ting. Resistance errors of the R feed- 
back resistors directly alter the -1 
gain component of the circuit’s in- 
verting connection. With 0.1% resis- 
tors, these tolerance errors intro- 
duces as much as 0.2% error in the 
output voltage. Also, the 15 ppm/°C 
drift of these resistors produce as 
much as 30 ppm/°C output drift. 

However, the relative significance 
of these resistor errors varies with 
the potentiometer setting. When x = 
1, the -1 gain component totally con- 
trols the circuit, and the errors of the 
fixed resistors transfer directly to 
the circuit output. Yet, when x = 0, 
these errors have no effect. Then, 
the voltage reference connects di- 
rectly to the op amp’s noninverting 
input, leaving 0 V on the input R re- 
sistor. Zero feedback current re- 


sults, which also leaves 0 V on the 
output R resistor. Then, the two 
fixed resistors exert no influence on 
the output voltage. In between the 
potentiometer extremes, the output 
error due to the fixed resistors varies 
linearly between the values stated 
forx=landx=0. 

Tolerance error in the potentiome- 
ter doesn’t affect the output because 
the potentiometer’s actual resis- 
tance is unimportant. The noninvert- 
ing gain is affected by the potentiom- 
eter through the resistance ratio of 
the potentiometer segments. This ra- 
tio is independent of the total potenti- 
ometer resistance. However, the ra- 
tio does rely on the potentiometer- 
control nonlinearity, which affects 
the potentiometer-resistance divi- 
sion versus control rotation. Still, cir- 
cuit adjustment with an output-volt- 
age monitor removes adjustment de- 
pendence on control rotation. 

When combined, Figure 8’s error 
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sources produce an output-error 
voltage of: 


Voe — (2x = 1)5Vp AF 2Vos id 
3x -1)V,5R/R 


Here, 5Vp represents the voltage tol- 
erance of the input reference and 
5R/R represents the fractional toler- 
ance of the fixed resistors. None of 
the three error terms in the equation 
expresses the same dependence on 
the potentiometer setting x. Thus, 
each error must be trimmed indepen- 
dently to achieve error reduction 
throughout the control range. First, 
Vp trim removes the voltage-refer- 
ence error while observing the refer- 
ence’s output voltage. Then, with x 
= 1, amplifier offset adjustment sets 
Vo = Vr. Finally, with x = 0, trim of 
the fixed resistors sets Vp =—-Vp. 

Following the above trim se- 
quence, the circuit accuracy remains 
a function of thermal-drift sources. 
As mentioned, reference, amplifier, 
and resistor drifts each affect this 
accuracy. Total output drift varies 
with the potentiometer setting due 
to the varied effect described for the 
fixed resistors. The x = 1 condition 
represents the worst case, and limits 
the trimmed accuracy to around 
0.016% in a -5°C environment. The x 
= 0 condition exemplifies the best 
case, with a trimmed accuracy of 
0.0015%.0 
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MODEL 


MAR-1 
MAR-2 
MAR-3 
MAR-4 
MAR-6 
MAR-7 
MAR-8 


FREQ. 
MHz 


DC-1000 
DC-2000 
DC-2000 
DC-1000 
DC-2000 
DC-2000 
DC-1000 


GAIN, dB ® MAX. 
100 1000 2000 Min. PWR. 
MHz MHz MHz (note) dBm 
185 155 — 13.0 0 
1S 12.65 4 85 +3 
Ss .125 105 80 +80 
82 80 — 7.0 +11 
26° «16 al 9 0 
136 125 ° 105 “85 +3 
33 23 — 19 +10 


y 4 


NF 
dB 


5.0 
6.5 
6.0 
7.0 
28 
5.0 
3.5 


PRICE 
Ea. 


0.99 
1.35 
1.45 
1.55 
1.29 
1.75 
1.70 


NOTE: Minimum gain at highest frequency point and over full temperature range. 
© 1dB Gain Compression 


0 +4dBm 1 to 2 GHz 


$ 
Qty. 
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(25) 
(25) 
(25) 
(25) 
(25) 
(25) 
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recision full-wave conver- 
sion of low-level ac signals to 
de is a commonly performed 
function in measurement ap- 
paratus. Not surprisingly, there- 
fore, many circuits have been de- 


Rg 
1.8 M, 5% 


FOR THE COMPONENT values shown here, the 
circuit will convert a 90-mV average absolute (100 mV rms for 
a sinusoid) ac input into a 5-V de output. The converter has a 
1% frequency response of 50 Hz to 5 kHz. Its differential 
input impedance is 1 MQ), and its output impedance is 20 k. 
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scribed as capable of doing the job. 
Most of them, however, require bipo- 
lar power supplies, and all depend 
upon precise resistor matching for 
good rectification symmetry. 

In addition, the symmetry of those 
circuits is limited by 
the offset voltages of 
their amplifiers. That 
is, only ac voltages 
that are much greater 
than the amplifier off- 
set voltages can be 
rectified accurately. 
As aresult, ac-coupled 
gain stages are often 
needed, increasing cir- 
cuit complexity and in- 
troducing potential 
sources of error. 

This circuit avoids 
those shortcomings 
(see the figure). It ac- 
cepts the ac input on 
differential inputs 1 
and 2, where capaci- 
tors C, and C, block 
any de components of 
the input and isolate 
the input signal from 
the bias generated by 
resistors R, through 
Ry. 

To see how the recti- 
fier works, suppose 
that a signal excursion 
drives input 1 more 
positive than input 2. 
Amplifier A, responds 
by driving diode D, 
into conduction, there- 
by forcing its invert- 
ing input to track in- 
put 1. 

At the same time, 
amplifier A, responds 
with a negative output 
excursion. That forces 
transistor Q, to con- 
duct sufficiently to 


Qy 
2N5087 
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cause the inverting input of A, to 
track input 2. The Q, emitter current 
that must flow to satisfy this condi- 
tion is given exactly by: 


Is = Vi/ Zee 


Z,., the series impedance of R, and 
Cs, can be replaced by just R, if Cs is 
large enough to havea very low reac- 
tance at the frequencies of interest. 
In that case, and if Q, and Q, are very 
high gain transistors, then the Q, col- 
lector current will track the emitter 
current to within better than 0.5%, 
and will be given by: 


I,=V/R, 


The instantaneous output voltage, 
therefore, is given by: 


V, = RI. — V;R./R. 


For input excursions of opposite 
polarity, with D, and Q, conducting, 
the roles of the amplifiers reverse. 
An important characteristic of the 
circuit is that rectification symmetry 
does not depend upon matching of 
resistors. Rectification symmetry is 
limited only by the matching of the 
transistor alphas, which is better 
than 1% for high-gain transistors. 

Because C; prevents amplifier off- 
set voltages from affecting circuit 
performance, the ratio R,/R, can be 
made large to provide high gain as 
well as the conversion function. 
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t times, it’s necessary to 

make an ordinary TTL gate 

act like a three-state device, 

such as when a suitable 

three-state part isn’t available. A Si- 

liconix Si9405 load switch can be con- 

nected between the power source 

and the gate to achieve just that 
function (Fig. 1). 

To appreciate how the circuit 


Control 


input $i9405 


Load switch 


© 
Signal 
input 


Output 
(0) 


GND O 
1. A LOGIC ONE at the control 


input of the load switch will cut off the 
power to the rest of the TTL circuit. 
Consequently, its output is placed into a 
high-impedance state. 


BE LECTRONIC 


works, consider the operation of a 
three-state TTL gate (Fig. 2). In that 
configuration, the high-impedance 
condition is incorporated by means 
of a control input connected to an ex- 
tra emitter on transistor Q,. The con- 
trol input is also connected to the col- 
lector of Q, and the base of Q, 
through a (reversed) diode, as shown 
in Fig. 2. 

Applying a logic 
ZERO to the con- 
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identical to the third state of a three- 
state device. 

The Si9405 provides an excellent 
means for switching Vo, on and off, 
albeit with logic opposite to that of a 
three-state device. A ZERO at its 
control input connects V¢¢ to the IC; 
a ONE disconnects it, putting the de- 
vice into the high-impedance state. 


trol input turns off 
transistors Q, and 
Q;. Turning off Q. 
will then turn off 
Q,.Soa logic ZERO 
at the control input 
turns off Q, and Q,, 
isolating the output 
from both V¢c and 
ground. 
Referring back 
to Figure 1, it can 
be seen that a con- 
ventional TTL out- 
put stage will pre- 
sent a high output 
impedance when 
Voc is disconnect- 
ed. More specifical- 
ly, removing Voc 
creates a condition 


Signal input 


Control input 


2. CONVENTIONAL THREE-STATE circuits have 


an extra (control) emitter on their input transistors. A logic 
ZERO on the control input positions the output into the high- 
impedance state. 
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ost schemes for switch- 
ing between a local front- 
panel control potentiome- 
ter and a remote analog 
control voltage involve analog SPDT 
switches. Implementing such 
schemes becomes complicated be- 
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cause many popular switch ICs are 
configured as arrays of SPST 
switches that have the same switch- 
ing phase. In other words, all of the 
switches respond to ones and zeros 
at their control inputs in the same 
way (by opening or closing). Thus, to 


DESIGN 


get the desired SPDT action, it’s nec- 
essary either to use two ICs of oppo- 
site switching phase or to create two 
logic signals of opposite switching 
phase. In the former case, a single 
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analog switches exceeds the 10k of 
resistor R, by a sufficient margin so 
as not to affect the linearity of the 5- 
kQ potentiometer in the local mode. 
Conversely, the on-impedance of 


those switches is low enough so that 
just a modest amount of amplifier 
gain allows the remote signal to 
override the effect of the local poten- 
tiometer when desired.O 


control signal drives the dissimilar 
switches; in the latter, the out-of- 
phase control signals drive two simi- 
lar switches on the same IC. 

A simpler alternative circumvents 
the problem by using two switch sec- 
tions of one IC wherein both switch- 
es are open for local control and 
closed for remote (see the figure). As 
a result, a single logic signal can be 
used to drive both switch control in- 
puts together. With this scheme, the 
local input is always connected, but 
through a resistor (R;); only the re- 
mote input is switched in and out. 
When remote control is desired, the 
remote signal is switched in. It then 
swamps the local input and takes 
over. 

The off-impedance of most good 


ONE LOGIC SIGNAL drives both switches in this simple local/remote selector 
circuit. The analog switches, which are on the same IC, open up for local operation and close 
for remote. 
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9+17 filter 

SM5818 —s +0,00005 110 db 8fs filter with 20bit =| 
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low end user : 
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LOOKING FOR A 
QUALITY BOARDHOUSE? 


ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 


PCB MANUFACTURING 
* 2 Day turn on multi-layers 
+ Prototype and production 
* Gerber Data Review 
* Database/Netlist test 


j | Characteristics | 
SM5860 | DIP For =r Audio ene 2 channel D/A converter, match | 
’ QFP Delta-Sigma with 4fs or 8fs oversampling a 
F Converter digital filter, PWM output, ZSNS_ | 
DIP For — Audio EQ | 2 channel D/A converter, match 
’ QFP “4 Delt ja with 8fs he digital 
f __| Co ilter, ZSN 


Characteristics 


© 48 kHz, 44.1 kHz or 32 kHz 
sampling frequencies 

* Dolby Prologic decoder 

* Deemphasis filter 

* Level meter flag 


TECHNICAL ASSISTANCE 

* PCB layout tips 

* Mfg cost cutting tips 

« Artwork standards 

¢ Gerber Data via modem, 
24 hours (714) 970-5015 


PCB LAYOUTS 

* Backplanes 

* Impedance control 
* Analog and ECL 

* SMT both sides 


Incorporate all major 
Dolby Prologic 
Surround system 


CALL FOR A QUOTE! 


A MANUFACTURING, LAYOUT AND SUPPORT CENTER 
MURRIETTA 
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ELECTRONIC 


QU 


MARKET FACTS 


he success of night attack operations in the Persian Gulf 
ensures a place for night vision devices in U.S. military 
procurement. Despite cutbacks in military budgets and 
forces, spending for passive night vision devices is expect- 
ed to increase 9% between 1991 and 1996, according to market re- 
searcher Frost & Sullivan International, of New York, N. Y. The big- 
gest increase should come in the narrowest slice of the night vision 
market. The imaging infrared (IIR) missile seekers segment is ex- 
pected to double, increasing from $67 million in fiscal 1991 to $143 
million in 1996. New IIR technology, which use novel detector materi- 
als and focal place array technology, should help fuel this growth. 

Other sectors won’t fare as well in the face of cutbacks in tank, 
tactical aircraft, and armed helicopter production. Soldier/aviator 
night vision devices are predicted to drop 33% from 1991's $189 million 
to $128 million in 1996. Airborne IIR sights, worth $434.5 million last 
year, are expected to remain about the same in five years, at $436.4 
million. Vehicle/launcher sights, a $152.9 million market last year, 
should rise 17% to $179.4 million in 1996. Not surprisingly, spending 
for research and development of night vision equipment is expected to 
rise 53%, going from $76.1 million to $116.2 million in 1996. 
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ICKLOOK 


ZEROING IN ON THE MARKET 
FOR NIGHT VISION EQUIPMENT 


_Soldier/ 
aviator devices 


HOT PG PRODUCTS 


low-cost auto resume (electronic bookmark) utility lets a 

PC user pick up where he or she left off. PCResume, from 

Powercard, is compatible with most memory managers, 

Windows 3.0, and Novell networks. It works with DOS 3.0 

and higher. List price is $49 per unit. Quantities are discounted. Deliv- 

ery time is 60 days after ordering. Contact Powercard, 12231 S. W. 
129th Ct, Miami, FL 33186; (305) 251-5855; fax (305) 251-2334. 

CIRCLE 453 


he SCSI Software Developer’s Kit is a complete toolkit for 

developing Small Computer Systems Interface (SCSI) 

drivers for PC peripherals. For SCSI peripheral makers 

and ASPI third-party developers, the Adaptec kit simpli- 
fies creating software drivers based on the Advanced SCSI Program- 
ming Interface. For makers of SCSI peripherals and ASPI third-party 
developers, the kit simplifies creating ASPI-based software drivers 
for any SCSI peripheral. 

Each kit contains a copy of the ASPI specification documents and 
expanded programming guides for DOS, OS/2, and Novell NetWare. A 
DOS/ASPI interface is provided for developers to test and debug 
their ASPI device drivers. 

Also included in the developer's kit are an ASPI Exerciser Pro- 
gram and a working ASPI disk driver. The kit sells for $150 from 
Adaptec Inc. 691 S. Milpitas Blvd., Milpitas, CA 95035; (408) 945- 
6761. CIRCLE 454 


BJELECTRONIC 


recent issue of American Engineer, a monthly newslet- 

ter from the American Engineering Association, focuses 

on engineering unemployment, underuse of U.S. engi- 

neers, and adverse working conditions. A bleak employ- 
ment picture is worsened by peace casualties in the wake of defense 
cutbacks—industries hit hardest during the lingering recession— 
makers of computers, scientific instruments, and metal and electrical 
products—rely on defense contracts for much of their business. For a 
sample copy of the AEA newsletter, write to Richard Tax, ABA, P. 0. 
Box 2012, River Vale, NJ 07675. Membership costs $20 a year and 
includes a newsletter subscription. 


hazardous waste hotline offers free advice on obtaining 

EPA identification numbers, handling and disposal of haz- 

ardous substances, and complying with local, state, and 

federal regulations. From RFE Industries, a refiner of 
precious scrap metal from the electronics industry, the hotline’s num- 
ber is (800) 327-7938. For more information contact RFE Industries, 19 
Crows Mill Rd., Keasbey, NJ 08832; (908) 738-5200. 


A two-volume directory of Unix hardware and software contains more 
than 7600 products and services from 2100 vendors. Uniforum mem- 
bers get the directory free. Nonmembers can purchase it for $95. 
Contact the Uniforum order desk at (408) 986-8840, ext. 10. 
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demo program gives an overview 

ff of LabWindows 2.0 software de- 

| + velopment system for data acqui- 
Pie sition and instrument control ap- 
slnations! The program, based on a working 
version of LabWindows 2.0, includes example 
programs that show how LabWindows is used 
to develop application programs. Japanese 
and Spanish versions of the demo are avail- 
able; a French version is in the works. Contact 
National Instruments Corp. 6504 Bridge 
Point Pkwy., Austin, TX 78730-5039; (800) 433- 
3488 or (512) 794-0100; fax (512) 794- 
8411. CIRCLE 455 


| 31-page catalog contains specifi- 

) cations and applications for Star 

) Micronics’ audio transducers and 

ae buzzers. For the catalog contact 
Star Micronics America, OEM Division, 70-D 
Ethel Rd. West, Piscataway, NJ 08854; (908) 
572-9512. CIRCLE 456 


ultiple DACs save board space, 

power, insertion costs, and in- 
>) crease reliability owing to few- 
= er ICs. These devices are fea- 
tured in Analog Devices’ Multiple Digital- 
to-Analog Converter Integrated Circuit 
Selection Guide. A selection table sorts the 
multiple DACs by resolution and number of 
DACs. For the guide, contact Analog Devices 
Literature Center, 70 Shawmut Rd., Canton, 
MA 02021; fax (617) 821-4273. | CIRCLE 457 


he NIST Calibration Services Us- 

ers Guide lists at least 500 calibra- 

tion services and measurement 

| assurance programs (MAPs) 
available for industry from the National In- 
stitute of Standards. MAPs are quality con- 
trol programs for calibrating a company’s en- 
tire measurement system. The catalog also 
lists NIST technical experts who may be con- 
tacted for information on services or mea- 
surement problems. For a free guide (SP 250), 
send a self-addressed mailing label to Cali- 
bration Program, Room A104, Building 411, 
National Institute of Standards and Technol- 
ogy, Gaithersburg, MD 20899; (301) 975-2002. 


booklet gives technical assis- 
tance in designing aluminum en- 
closures. From AAvid Engineer- 
ing, the free material gives de- 
sign details on drawing layout and points to 
ways to reduce packaging costs, improve ap- 
pearance, and extend the system’s life. For a 
copy, contact AAvid Engineering Inc, One 
Kool Path, Laconica, NH 03247-0400; (603) 
528-3400, fax (603) 528-1478. CIRCLE 458 


QUICKLOOK 
_.Perspectives on Time-to-Market 


BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 446-4458; fax (408) 253-6085 


uccess in the next-generation quadrant often kills off an 

existing product—that’s viewed as good if it’s your com- 

petitor’s and bad if it’s yours. Incremental product development strategies 

don’t work in this cell: You start by hitting a home run and then begin hitting 
singles. Product developers make a conscious effort to leapfrog their competition; inspired 
organizations make a conscious effort to leapfrog themselves. Developers push and focus 
technology to do familiar things in better and different ways. It takes a lot of money to work 
in the next-generation cell and time pressure is intense—nothing comes easily. 

Data on the realization of predecessor products about to be replaced by the next- 
generation product helps put a number of items into perspective. Collecting data on two fac- 
ets, total person months of effort and time to market, of previous efforts can reveal a great 
deal about the current effort. The data is easy to obtain. First, identify the time to market 
interval. Remember the stopwatch starts when the product concept has had some review by 
individuals external to its synthesis, some concept analysis has taken place and the concept 
is simply documented on a few sheets of paper. It stops when the first dollar of revenue is 
collected. With the time to market interval defined, then determine how cross-functional, 
professional staff was applied to realize the product. How were marketing and manufactur- 
ing staffed as a function of time? How was R&D staffed over the time to market interval? 

Possessing this information makes it possible to make two dramatic predictions about 
the succeeding next generation effort. One, expect the number of person months of effort 
that goes into the production of a next generation product to be greater than the number of 
total person-months it took to get its predecessor to market; and two, time to market of the 
successor will be longer than that of the predecessor. How can this be? Simply stated, next 
generation products have to do things better in a big way, and doing things much better 
takes many people working together for a relatively long time. 

Two examples follow to illustrate next generation efforts and their inherent complexity: 
Storagetek, now at $1.7 billion in sales, the maker of Jukebox style mass storage systems, is 
reporting that it will soon offer next generation capability. This time instead of having ro- 
bots move tape cassettes around, the company plans to package up 128 Hewlett-Packard, 
1.600-Gbyte, 5.25 inch, disk drives into a fault-tolerant, rapid I/O system. It does what it 
replaces plus a whole lot more. Expected price of the product is $700,000 a deal when viewed 
from a dollar per megabyte perspective. How long did it take and how many person months 
of effort were required? The answer is that it took more person-months and more calendar 
time than the predecessor Jukebox version. Would anyone from Storagetek care to com- 
ment? 

Coloray Display Corp. is attempting to bring Charles Spindt’s field-emitter technology 
flat panel display to market. In this device, small electron guns shoot at phosphors much as 
it’s done in a conventional CRT. It could be a leapfrog technology from a price and color per- 
formance perspective, offering better visibility than active matrix LCDs. Reports out of 
Japan suggest that it cost billions to get active matrix LCDs to market in high volumes. If 
Coloray Display can reconstruct the Japanese staffing profile and their time to market, the 
company can then use this information to scope the organization's development time and de- 
velopment cost barriers. Or may be they already have. Coloray is assembling a group of 20 
U.S. companies to discuss the technology, according to a Feb. 3 report in Business Week. 
Could it be looking for lots of money? 


Ron Kmetovicz will lead a Time-to-Market seminar entitled “New Product Devve- 
lopment: Doing It Better, Faster, and Cheaper’ at Santa Clara University’s Execu- 
tive Development Center, to be held May 9, 1992. For more information on attend- 
ing the seminar, contact Elmer Luthman, executive center director, at (408) 554- 
4521; fax (408) 554-4571. 
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WHAT'S NEW 


Sharp's exclusive three-dimen- passive color displays. The prod- 
sional film compensation process, uct offers VGA-quality resolution, 


No MATTER HOW YOU ope AT IT, SHARP S the display achieves high bright- —_a response speed of 450 ms and 
NEW PASSIVE COLOR DISPLAY REALLY SHINES. ness, superior color saturation contrast ratio of 13:1, with mouse- 


Today's exploding growth 
in notebook computer sales is 
matched only by the almost diz- 
zying array of improvements in 
compatible flat panel displays as 
manufacturers slim down, lighten 
up and improve the aesthetics 
of notebook compatible displays, 
while expanding screen size. 

One of the latest break- 


throughs from Sharp is a super- 


and excellent contrast without compatible speeds and even 


efficient passive matrix color the viewing distortion typically higher contrast 


display whose viewing quality associated with ratios to be 


leapfrogs anything previously available 
available in its class, soon. 

The new LM64(C031 passive 
color LCD provides the compact 
size, light weight and low power 
consumption of traditional passive 
displays — for about half the price 
of equivalent TFT color models. 
At the same time, thanks to 


IMAGINATION AT WORK SHARP IN THE U.S.A. 
ofhundreds [ }»}»}»'| 
MAKING IT BIG WITH TFTS || ofthousands | Sharp has || SHARP: NOW A MAJOR 
TAKES VISION AND of transistors. demonstrated an U.S. MANUFACTURER. 
ENORMOUS INVESTMENT. New advance- | unprecedented 
ments in commitment to its U.S. custom- —_ additional $30 million invest- 
Thanks to its early and photolithography, chemical ers by augmenting IC research — ment in LCD production. 

continual investment in the vapor deposition and fusion- and development activities at The first Japanese company 

manufacturing process, Sharp drawn glass continue to keep the company’s new facility in with an LCD manufacturing 

supplies some 70% of the world’s — Sharp the quality leader in a Camas, Washington, with an operation in the U.S., Sharp 


thin film transistor (TFT) displays. 
TFT’s compact, light, energy- 
efficient package provides color, 
clarity and full-motion video 
equal to or better than CRTs. 
Sharp's new flagship TFT 
manufacturing plant in Tenri, 
Japan, incorporates the cut- 


ting edge in the “giant scale 


integration” tools required 
to produce 
virtually flaw- 


less matrices 


market expected to grow to is now able to 


$3.1 billion by 1995. 


assure the fast- 


est response 
and repair time 
possible, backed 
by the largest 
support team 

in the country. 


FROM SHARP MINDS 
COME SHARP PRODUCTS” 
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FIRST PERSON 


TIME HAS COME. 


THE CHIPS WHOSE 


BY CHUCK HASTINGS 
MARKETING/APPLICATIONS MANAGER 
FIFO AND SPECIALTY MEMORIES 
SHARP MICROELECTRONICS 
TECHNOLOGIES, INC. 


If some of the gold-rush 
glamour has worn off the elec- 
tronics field today, as compared 
to the entrepreneurial ’80s, the 
same can't be said for the First- 
In, First-Out (FIFO) memories 
which serve as data buffers 
between systems operating 
at different speeds. 

Why? Because these never 
were glamour parts in the first 
place — never the parts that 
show up in the block diagram 
on system designers’ black- 
boards. As often as not, the 
lines in between these blocks 
turn into FIFOs. 

Nevertheless, the “unglam- 
ourous” FIFOs have proven to be 
the right parts at the right time. In 
some ways, their evolution is the 
gating factor in the convergence 
of higher system performance 
with greater design efficiency. 

The greater availability of 
“open system” components gives 
system designers the freedom 
to draw parts from off the shelf, 
instead of designing them from 
scratch. But it’s the FIFOs which 
compensate for mismatches in 
data rates, word widths and 
synchronization between 
those high-profile 
intelligent engines. 

Similarly, FIFOs 
serve the trend to 
greater partitioning 
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of design tasks among people 


and teams, expediting the even- 
tual interfacing of subsystems 
and components simply and 
economically. 

Ultimately, the measure of 
a FIFO like Sharp’s new 36-bit 
bidirectional LH5420 — the 
first and only true system-level 
FIFO to date — is how little 
time, money, board space and 
special attention it gobbles 
up during the hardware 
development process. 

As a low-profile supporting 
player, the feature-packed 
LH5420 is a huge success — 


proof that FIFOs are alive and 


well, and — given the decidedly 


less glamourous alternatives — 
just the stuff which the no-non- 
sense design environment of 


the 90s is meant to build on. 


THE SHAPE OF THINGS TO COME 


PRICELESS PREVIEWS. 


the world’s largest; a 
1024 x 36 unidirec- 
tional FIFO with the 
most fully synchronous 
feature set available; and a 

20 ns Static RAM in a 64K x 
18 configuration. For your 
free copy of the 91/92 
Memory 
Data 
Book, 
or for 
other 
informa- 


tion 
about Sharp IC, Opto and 

LCD components, call your 
regional Sharp office listed 


at right. 


The latest issue of Sharp's Memory Data Book includes 
several “sneak previews” of Sharp memory components 


now under development: a 32M Mask ROM, for example— 


N. American Headquarters: 
Camas, WA 
Ph (206) 834-2500, Fax (206) 834-8903 


West 
Northern CA: San Jose, CA 
Ph (408) 436-4900, Fax (408) 436-0924 


Southern CA: Carson, CA 
Ph (213) 637-9488, Fax (213) 631-2945 


Central 
Texas: Irving, TX 
Ph (214) 929-0999, Fax (214) 929-0958 


Texas: Houston, TX 
Ph (713) 955-9909, Fax (713) 955-9910 


Midwestern 


Illinois: Romeoville, IL 
Ph (708) 759-8555, Fax (708) 759-6319 


East 

Northeast: Burlington, MA 

Ph (617) 270-7979, Fax (617) 229-9117 
East Coast: Lawrenceville, GA 

Ph (404) 995-0717, Fax (404) 995-0622 
Canada & Upstate NY: Fairport, NY 

Ph (716) 223-5141, Fax (716) 223-0930 


New 36-BIT 
FIFO MERGES 
MOST-ASKED-FOR 
FEATURES. 


Variously described as 
“data accordions” or “logical 
rubber bands,” FIFO (First-In, 


capability provides an ideal 
thoroughfare between 
independent, intelligent 
processors of differing word 
widths and/or clock speeds. 
Now, Sharp's new 36-bit syn- 


chronous, bidirectional LH5420 


systems to be interconnected by 
efficient data “superhighways.” 
Designed to meet the wish 
lists of top system designers, the 
LH5420 offers bidirectional, two- 
way “funneling/defunneling” 


from a 32-bit bus to a 16-bit or 


Its full-word width helps elimi- 


nate the problems of race 
conditions, metastabilities and 
speed differentials of side-by- 
side partial-word FIFOs 

The newest addition to 
Sharp's broad line of FIFOs — 


including both small-capacity 


First-Out) 
memories 
serve as data 
buffers be- 
tween differ- 
ent CPUs 
running at dif- 
ferent speeds, 
or between 
controllers 
and their 
peripheral 
equipment. 
This data-rate- 
matching 


jE LH5420 COMES 

D WITH FEATURES 

DESIGNERS TOLD 

[ARP THEY WANTED IN 
FULL-WORD-WIDTH 

INCLUDING ON-THE- 

Y PARITY CHECKING, 


EMPTY FLAGS. IT Is 
/AILABLE WITH CYCLE 

_ TIMES OF 25, 30 AND 
NS, AND IN BOTH PaFP 
AND PGA PACKAGES. 


represents the 
evolution of 
FIFOs from 
byte-sized to 
system-wide 
solutions. No 
longer a mere 
piece part, 
the LH5420 
handles 
system-level 
problems, 
allowing even 
the most high- 
performance 


an 8-bit bus, with two-way parity 


checking built in. 
Fully synchro- 
nous, the 36-bit 
LH5420 also is 
able to provide 
full-word-width, 
two-way 


communications 


between most 32-bit processors. 
By replacing eight or more 
standard byte-wide FIFOs, the 
LH5420 saves real estate, sim- 
plifies the design process and 


(“shallow”) and large-capacity 


(“deep”) buffer memories — 


WRITE FIFO 1 READ 
PORT A PORT B 
V/0 W/0 
READ FIFO 2 WRITE 
PORT A PORT B 


CONTROL CONTROL 


the LH5420 represents the 
industry's first system-level 
FIFO, requiring no external glue 
to integrate. It is available from 
Sharp for immediate delivery. 


accelerates system performance. 


LOOK 


ore than half the laptop computers sold in the next decade, rather than rely solely 
on a keyboard, will be pen-, or stylus-based, or use both a stylus and a keyboard, 
experts say. To stay abreast of that trend, a conference on pen-based computing 
will be held in Boston, Mass., May 4-5, 1992 at the Sheraton Boston. Keynote 
speakers include Ed Yourdon, a pioneer in structured systems analysis, Portia Isaacson, of 
Dream Machine Inc, and Kirk Cruikshank of Grid Systems Inc. Besides product demos, the con- 
ference, sponsored by Digital Consulting Inc. will focus on hardware, user/applications, soft- 
ware, management issues, and communications. For more information, contact DCI, 204 Ando- 
ver St, Andover, MA 01810; (508) 470-3880. CIRCLE 451 


TALES FROM THE SKUNK WORKS 


he subtlety, uncertainty, rapid change, and chaos surrounding a skunk works 

requires the most fundamental and rigorous trust possible. This is true both 

between and within teams. In North America, we don’t do well at trusting, col- 

laborating, or working together. Our national divorce rate and the success rate 
of business teamings are tragedies. 

The industrial decline in the U. S. further undermines trust. It doesn’t help when CEOs 
pay themselves large salaries while laying off loyal workers. Lean and mean corporations 
are no substitute for having the right products. 

A skunk works requires that we create trust and interdependence. Unfortunately, our 
home training, schooling, and corporate experience largely neglects these things. Our 
government is rife with bureaucratic bungling and distrustful, divisive attitudes. 

I have discovered through painful life experience that there are three essential compo- 
nents to trust. These are rare, but a skunk works needs all three. The first component of trust 
is, of course, honesty. A recent national survey showed that 97% of those polled admitted 
lying. Some 61% admit regularly lying to their bosses. 

Another poll showed that while 87% of employees consider management honesty and 
ethics essential, only 39% believe their management is. And attempts to deceive are increas- 
ing, say experts. 

An organization that wants a skunk works needs integrity. Punishing deceit is best—or 
at least let’s refrain from rewarding it. 

The next component is competency. However honest you may be, I cannot trust you unless 
you are also competent. We screen and groom well for competency in technical areas. We 
need to do it better for marketing gurus and small team leaders. 

The last component is psychological balance. If you are honest and competent— but emo- 
tionally distorted—I must set limits to my trust. Creative people are sometimes eccentric. 
Some allowances can be made for colorful personalities, yet deadlines must be met. We ve 
all known sincere, creative people who are incapable of ever finishing a product. How about 
a competent, candid contributor who views the world as out to get her and is always predis- 
posed to fight? What of engineers who take undue credit? 

A senior VP I know of in a large corporation overtly and pathologically hated all 
marketing people. He nearly killed his company. Over a decade it wasted almost a billion 
dollars of R&D. 

The firm often had “killer” technology, but it consistently lost to competitors with better 
market fit, cycle time, cost, and quality. The company preached empowerment, skunk works, 
market focus, and multidisciplined teams, but the VP retained control and destroyed such 
practices ruthlessly. Before the firm “retired” him, it became notorious for technical 
arrogance, missed opportunities, annual layoffs, and management turnover. 

Winners demand integrity, set limits, tolerate diversity, and compensate for human 
frailties. If you reward the entire team based on results, the team will help you with trust 
issues. The team itself knows better than outsiders who is trustworthy and contributing 
value. 


John D. Trudel lectures and provides business development consulting. Trudel is 
Sounder and director of The Trudel Group, 52001 Columbia River Hwy., Scap- 
poose, OR 97056; (503) 690-3300; fax (503) 543-6361. He is also the author of High 
Tech with Low Risk. To order High Tech, phone Eastern Oregon State College at (503) 
962-3758. 
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DID YOU KNOW? 


... that the U. S.-Japan semiconductor trade 
agreement signed last June is on the verge of 
failure. With nine months left for the U. S. to 
achieve a 20% foreign market share in Japan, 
market share stands at 14.3%, where it stood 
in the first quarter of 1990. 


... that a national opinion poll by the Roper 

Organization shows that 73% of Americans 
think the government should take a stronger 
stand against foreign companies that don’t 
open their markets to American goods. Two- 
thirds of those polled support economic penal- 
ties against countries with closed markets, 
even if it means paying higher prices for con- 
sumer goods. Only 23% of those polled are 
satisfied with the response of the Japanese 
government to these trade issues. 


Semiconductor Industry Association 


... that 10 years ago, overseas sales of Tai- 
wan information products amounted to just 
US$105 million. By 1990, sales of these prod- 
ucts were worth US$5.25 billion. Today, moth- 
erboards made in Taiwan accounted for 66% 
of world production in 1990. Taiwan is the 
largest producer of mouse units, snaring 72% 
of the world market in 1990. Keyboards, color 
monitors, graphics cards, and scanners from 
Taiwan each cornered about one-third of 
sales volume worldwide. 


China External Trade Development Council 


ON THE 
DEFENSE FRONT 


ctual design files of military de- 

fense system customers are avail- 

able from Target Marketing, a 

market research and consulting 
company. Files identify component parts de- 
signed into military equipment by prime and 
subcontractors as required by the Depart- 
ment of Defense. Component use can be iden- 
tified by program, part type, part numbers, 
and contractor. 

With the files, users can perform flexible 
searches of contractor's design files to pin- 
point sales opportunities and size up the com- 
petition. The service covers more than 2000 
active programs. Files come in book, tape, or 
floppy-disk format. Among other military/ 
defense products, the company has a list of 
key contacts in defense programs. For more 
information, contact David Trotz, Target 
Marketing, 1308 Centennial Ave., Suite 266, 
Piscataway, NJ 08854; (908) 424-0551; fax 424- 
0552. CIRCLE 452 


SAFETY IN NUMBERS. 


150 DESIGN KITS FROM 35 ASIC VENDORS. 


é ‘b > 1 you’re an ASIC designer, DAZIX has the 
=’ numbers you can count on. 


SV Our ASIC design environment 
\#~ lets you choose from over 150 
design kits from 35 major ASIC 

vendors. These kits contain the libraries, 
models, and interfaces you need for fast, 
accurate design and simulation of PLDs, FPGAs, 
gate arrays, cell-based, and full custom ASICs. And 
by giving you a large number of ASIC vendors to 
choose from, we expand your design options and 
help you increase control of your design process. 


Within our ASIC design environment, you can 
select a variety of technologies — including CMOS, 
HCMOS, bipolar/ECL, and Gads. Plus, you can 
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combine different technologies, devices, 
and vendors. And there’s just one 
design suite and one icon-driven 
interface to learn, so you won’t need 

to retrain as you migrate from foundry 
to foundry, project to project, and device to device. 


What’s more, once your ASIC design is completed, 
it can be integrated directly into your PCB, hybrid, 
and MCM designs. 


Call for free ASIC catalog. To learn more about 
how DAZIX can make your ASIC design job easier, 
call for our newest catalog, ASIC Design Solutions. 


In the U.S., call 800-239-4111. In Europe, fax 


33-1-4537-7135. In the Asia Pacific area, call 
852-8661966. 


An Intergraph Company 


DAZIX® and Intergraph® are registered trademarks of Intergraph Corporation. Other brands and product names are trademarks of their respective owners, 
Copyright 1992 Intergraph Corporation. Huntsville, AL 35894-0001. DDADO5240. 
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PEASE 
PORRIDGE 


Bos’s MAILBOX 


Dear Mr. Pease: 

I have been able to tolerate your vil- 
ification of Spice as that of an unin- 
formed user. However, your publica- 
tion of a letter from another such user 
forces me to respond. 

Check the words leading to the 
acronym Spice sometime. A review of 
the original treatise by Vladimirescu 
and Liu might be informative. See any- 
thing about board design? Ifyouare go- 
ingtouseatool fora purpose other than 
what it was intended for, you had bet- 
terunderstand how toapplyit. The cus- 
tom Integrated Circuit designs that I 
have done performed as well or better 
than indicated by Spice simulation. 

There is no reason Spice can’t be 
used for board design, if you pay at- 
tention to howthe program converges, 
and whyit converges toa particular so- 
lution. Any professional who uses pub- 
lic domain versions gets what they de- 
serve. The program was developed for 
those of us that can’t breadboard a de- 
sign, not those so foolish not to. 
KEVIN J. McCALL 
Custom Analog IC Design Engineer 
Leominster, Mass. 

What irritates meis when peoplesay 
Iam uninformed and Spice has to be 
telling the truth—whenthe truth turns 
out to be vice versa. I'm delighted Spice 
works for you.—RAP 


Dear Bob: 

I particularly enjoyed your article 
last year about your calibrated card- 
board boxes. I work for a well-known 
temperature-controller company. We 
were having customer problems with 
C-type thermocouples and chasing ev- 
ery last tenth of a degree. Needless to 
say, it wasn't the customer's fault or 
our fault—the compensation cable did- 
n't match the thermocouple table. It 
turned out that the errors of an earlier 
instrument matched the bad cable bet- 
ter than the new one that Ohad smaller 
errors! 

... However, my fingers started to 
rattle the keys after reading one letter 
in your mailbag. Namely the guy from 

E L 
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Boeing looking for some strain-gauge 
power supplies. 

Well, “my own bit on the side” just 
happens to be precisely that. I sell 
them, at the recommendation of our 
National Physical Laboratory, to peo- 
ple wanting very high stability for pre- 
cision force measurement. Now, I took 
a lot of care to develop a circuit that 
would give Kelvin buffering to both the 
positive and negative outputs, and add 
minimal errors to the basic reference. 

I haven’t taken that much care over 
the noise immunity and earthing that 
Mr. Iverson is looking for. However, 
I’vechecked afew details and can quite 
easily get shielded transformers spe- 
cially for him. So if anyone else is after 
stable 10-V power supplies — mine will 
put out up to an amp, making it a good 
laboratory reference, too. Please pass 
them my address. 

And now while I’m writing to you, 
here’s a poser that bemuses me. If I, as 
an engineer, wish to start up my own 
business at home while working for 
someone else, it causes all sorts of 
chaos. “Company loyalty, design 
rights, conflict of interests” — you 
name it and it’s there. But now, if hav- 
ing left that company, I apply toa new 
company for a job, and openly declare 
my own private business, I’ll be 
greeted by enthusiasm. “This man has 
initiative...” 

JIM EDWARDS 
Quiet Electronic Designs 
60 Clayton Rd. 
Selsey, Sussex P028 9DF 
Tel: (0243) 602132 
That's a good conundrum. Thanks 


for the info on good supplies —RAP 


Dear Mr. Pease: 

I enjoyed the Pease Porridge about 
splices in speaker wire. It reminded 
me of the philosopher Paul Thagard’s 
essay about astrology. He says the 
thing that really marks astrology as a 
pseudoscience is not that astrologers 
don’t know whyit should work;it’s that 
they don’t care why it should work. 

The same could be said for the 
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speaker-wire cult. If these people had 
really found an empirical correlation 
between splices and poor audio qual- 
ity, they’dbe scrambling tofindaphys- 
ical explanation. But no. Like Peter 
Pan, “ya gotta believe” (and, in this 
case, pay money). 
MICHAEL A. COVINGTON 
Assistant to the Director 
The University of Georgia 
Artificial Intelligence Programs 
Athens, Georgia 

A good point, nicely worded.—RAP 


Dear Bob: 

Re: What’s All This Reflex Re- 
sponse Stuff, Anyhow? ...This is in re- 
sponse to dropping a very small im- 
portant item (also valuable in terms of 
inconvenience if lost), such as a 1-mm 
left-handed screw from a “grungle 
plunger.” Don’t try to catch it or de- 
flect it. Just watch where it goes! 

The reason? Small items often 
bounce and roll a long way. If you lose 
sight of it, it can take a frustratingly 
long time to find because it’s small. 
JOHN FLEMING 
Research technologist 
Department of Midwifery 
University of Glasgow 
Queen Mother’s Hospital 
Glasgow, Scotland 

In your business, when you drop 
something, you darned well better 
watch to see where it rolls! —-RAP 


Dear Bob: 

Sometimes I have a hard time get- 
ting my colleagues to take a simple 
path to an end. But if I remember cor- 
rectly, you are currently collecting 
other people’s common-sense stuff for 
yournext book. I know I willhavemore 
luck getting my cohorts totry this trick 
if it appears in your book first. So 
please accept this widow’s mite. 

People who design electronic pro- 
jects often need to be concerned about 
temperature. Hot spots accelerate 
degradation of materials and thereby 
cause premature (whatever that 
means) failure. So how do we find hot 
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spots? If we really care about temper- 
ature uniformity, for example ina pre- 
cision analog instrument, we set up a 
tangle of thermocouples on a sacrifi- 
cially modified prototype, and wait. A 
long measurement period in which we 
collect lots of data is followed by hours 
of disagreeable evaluation, culminat- 
ing in dubious conclusions. 


If all we want to do is find hot spots, 
though, we can use a simpler ap- 
proach — liberal use of mercury-in- 
glass fever thermometers. Fever 
thermometers have a number of fa- 
vorable characteristics for surveying 
hot spots in electronic systems. 

First, remember how you have to 
initialize a fever thermometer? It’s a 
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Just One Of The 50 Million 
Americans Who 
Invests In US. Savings Bonds. 


More and more Americans are plan- 
ning for their children’s future with U.S. 
Savings Bonds. This little slugger gets one 
for each birthday. As he grows older, his 
Bonds grow in value. So he’s not just get- 
ting a gift, he’s getting an investment. For 
more information, call 1 800 4 US BOND. 


US. Savings Bonds 
Making American Dreams A Reality 


A public service of this magazine 


0¢/0C CONVERTERS 


CAGE 50821 


HR150 DC-DC Converters 
¢ Up to 20 W output and 82% efficiency © Up to 1.5 W output and 82% efficiency 
¢ 18 to 36 or 10 to 16 Vde input e 3 to 7,9 to 15, or 16 to 32 Vdc input 
e 1,2 or 3 outputs at +5, +12, or $15 Vde © 1 or 2 outputs at +5, +12, or 15 Vdc 
e Regulation: line = 0.1%; load = 0.2% e Regulated, unregulated, or mixed 
¢ Stock, from $128 (qty. 100) ¢ Stock, from $51 (qty. 100) 


Save board area! Interpoint’s low-profile industrial DC-DC con- 
verters use as little 2s RRA of the pone supplies you’re 
using now. Over 90 models rated at 1 to 30 watts. 


interpoint 


10301 Willows Rd., Redmond, WA 98073-9705 
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peak recorder. You have to shake it 
down to the arrow points before you 
use it. You can shake down a few ther- 
mometers and then leave them in the 
system for as long as you like. You can 
operate the system in all it’s various 
modes, some of which certainly gener- 
ate different temperature distribu- 
tions than others. 

At the end of the exercise you sim- 
ply take the thermometers out and 
look at them, and learn what the worst 
peak temperatures were in all of the 
spots you monitored. There is no ex- 
cess data to discard. 

Second, the fever thermometer’s 
temperature range, 94° to 106°F, is 
near ideal for surveying commercial 
equipment. By testing your equipment 
at room temperature ambient, you can 
learn about an internal 25° to 35° rise. 
If it turns out to be less than 25°, it’s 
safe and you don’t care to know any 
more about it. If it’s more than 35°, you 
need to understand it better and will 
want to investigate it in more detail. 

Third, a fever thermometer is self- 
contained, tiny, and (unless you break 
it) electrically insulative. You can in- 
sulate it right where you want it and 
secure it with sticky tape. Compared 
to the average thermocouple wire, a 
glass thermometer is an easily tamed 
instrument. 

Fourth, the mercury bulb of the 
fever thermometer offers a small, 
well-focused sensitive target. If lo- 
cated in a convective plume above a 
heat sink, a fever thermometer will 
give asurprisingly high (but accurate) 
reading. 

Ifyou think you want a larger target 
toaverage over alarger area, wrap the 
bulb end of the thermometer with sey- 
eral thicknesses of 1-in.-wide alu- 
minum foil, and insulate with clear 
tape before installing in the system. 
Or, survey the plume withthree or four 
thermometers all at once. 

DOUG RAYMOND 
Teradyne ATWC 
Walnut Creek, Calif. 

The temperature of a hot spot is the 
room ambient plus its rise above am- 
bient. Ifyou want to resolve largerises, 
work in a cold room. To resolve small 
rises, start in a warm room. So, your 
thermometers are even more useful 
than at first glance.-—RAP 


2. Electronic Load 3. Voltage Source 4. Power-Pulse 
Generator 


6. Power-Function 7. Direct-Coupled 8. Variable-Gain 9. Fast-Slewing 
Generator Amplifier Amplifier Power Supply 


10. DC Amplifier 11. AC Power Supply 12. Differential 13. Signal-Inverting 
Amplifier Amplifier 


The BOS/S. A baker's dozen worth of functions 
in one tasty package. 


The versatile Bi-polar Operational Source/ addition to delivering DC power, it also gives you 
Sink power supply with a full complement the dozen functions you see above. And like any 
of features. product from Electronic Measurements, the 

The BOS/S can satisfy even Te cae BOS/S is a breeze to use. 


the most demanding power Bt cnc 
supply appetites. It delivers . J 

four modes of operation: a 
bi-polar supply, operational 
supply, sourcing supply 
and sinking supply. In 


The BOS/S. When it 
comes to versatility any 
other power supply is just 
half-baked. 


For details, contact: 


1. DC Power Supply 


Gn) ELECTRONIC MEASUREMENTS, INC. 


405 Essex Road, Neptune, NJ 07753 e Telephone: 908-922-9300 e FAX: 908-922-38334 
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EXPRESS YOURSELF! 


WITH PROGRAMMABLE 
LOGIC DESIGN TOOLS 


Many people would tell you that 
expressing logic for a programmable 
chip is not art. You know better. 


Getting the function you need out 
of the best programmable logic device 
(usually the cheapest that will do the 
job) takes craft, skill. . . art 


Just as the painter with the most 
colors of paint has the most ways of 
expressing his thoughts, OrCAD’s 
Programmable Logic Design Tools 
offers more ways for you to express 
your logic. 

Every PLD compiler on the 
market offers Boolean equations as a 
form of input. But, OrCAD’s offers 
Boolean algebra with a twist: arith- 
metic notation (+, -, *, +). Think of 
the ways you could use them. 


Call or write today for a free 
demonstration disk and guide. It will 
only 
how easy it is to express yourself. 


OrCAD" 


The Better Solution. 
3175 N.W. Aloclek Drive 
Hillsboro, Oregon 97124 


(503) 690-9881 voice 
(503) 690-9891 fax 
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take a few minutes for you to see 


And OrCAD Programmable Logic 
Design Tools offer indexed equations. 
Imagine taking rows of similar 
Boolean equations and expressing 
them all in one or two lines of code. 


Some other compilers allow you 
to express your logic in the forms of 
truth tables or state machines. We 
offer both. Plus forms of logic 
synthesis we call numeric mapping 
and streams for special cases. 


Best of all, you can use more 
than one type of expression within 
one design. This gives you a variety 
of expression impossible before now. 

And because its from OrCAD, 


Programmable Logic Design Tools 
allows the form of input you would 
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expect from the maker of the world’s 
most popular EDA tool: schematic 
entry. 

Schematic Design Tools Release 
IV and Programmable Logic Design 
Tools were designed to work seam- 
lessly together. The result, unified 
documentation. The code for your 
programmable device resides right 
there on the schematic next to the 
graphic of the part. Include Digital 
Simulation Tools and you can perform 
a timing based simulation of your 
entire board design including any 
number of programmed PLDs. 


Its the productivity you need at a 
price you can afford. 


————e———— 
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TAKING AIM AT HIGH- 
performance portable and 
AND FASTER 486s desktop systems, designers 

at Intel Corp., Santa Clara, 
DEBUT Calif., released the first 3.3-V 

versions of the i80486DX and 
SX microprocessors, as well as the long-awaited clock-dou- 
bler version. The lower operating voltage trims power con- 
sumption by 30 to 40%. And when additional 3.3-V-compati- 
ble logic is used, overall system power consumption can be 
reduced to allow several hours of battery operation. More- 
over, Intel designers expect to incorporate improved power 
management, based on the SL power-management tech- 
nology, into future implementations of 486 processors. 
Limited quantities of the 3.3-V 486SX are available in 16-, 
20-, and 25-MHz versions, with volume production planned 
for July. In quantities of 1000 units, the 16-MHz version of 
the processor sells for $174 and the 25-MHz unit goes for 
$341. DX versions of the processor will be ready for sam- 
pling in the second half of this year. 

The i486DX2 clock-doubler will be offered initially ina 
25-MHz (external) version that operates internally at 50 
MHz. The device, which is intended for new systems, fits 
in the same socket as the 486DX and requires no hard- 
ware redesign. However, some BIOS software may have 
to be adjusted—especially if software timing loops are 
used. The chip’s high internal speed gives the CPU a 
throughput of about 40 Dhrystones. An even faster ver- 
sion—33-MHz external, 66-MHz internal—will be re- 
leased later this year. The 50-MHz (internal) version of 
the DX2 is in production and sells for $550 each in 1000- 
unit lots. CIRCLE 586 


DOZENS OF Sys- 


Low-VOLTAGE 


ON THE HEELS OF 
Intel Corp.’s release of the 
clock-doubler version of the 
80486, almost two dozen sys- 


TEM MAKERS TO 
DX? tem makers have released 
USE speed-upgrade versions of 


their desktop computers. Acer America Corp., San Jose, 
Calif., for instance, created a novel variable-speed oscil- 
lator and autosensing BIOS that will detect which CPU 
has been installed and adjusts the system to operate at 
maximum performance levels. With the ““ChipUp”’ 
scheme, the company can build a common base system 
and just install the proper CPU module to hit the desired 
price/performance mark. Systems with “modular” ar- 
chitectures and full motherboard architectures can also 


be easily upgraded. 

In addition to IBM Corp.’s upgrades to its Models 90 
and 95 PS/2 systems, commitments from Advanced Log- 
ic Research Inc., Irvine, Calif.; American Megatrends 
Inc.; Norcross, Ga.; AST Research Inc., Irvine, Calif.; 
Compaq Computer Corp., Houston, Texas; Dell Comput- 
er Corp., Austin, Texas; and many other desktop system 
makers indicate the wave of interest in offering higher- 
performance alternatives to cost-conscious power users. 
The DX2 clock doubler device was also incorporated into 
departmental systems like file servers—Apricot Com- 
puters Ltd., Birmingham, U.K., for example, has re- 
leased a version of its fault-tolerant FT server with the 
clock-doubler CPUs. CIRCLE 587 
FRAME-BUFFER TO IMPROVE THE SPEED 

of graphic displays, Chips 
and Technologies Inc., San 
Jose, Calif., turned to the 


GRAPHICS COMES 
T PC Apple Macintosh and work- 
0 MY stations for an architectural 


solution already in use by those platforms. The compa- 
ny’s Wingine chip set implements a frame-buffer inter- 
face that delivers several times the speed offered by oth- 
er VGA accelerators. The 64200 accelerator and the 
64201 glue chip (for the Peak/ DM motherboard logic chip 
set) require a “rethinking” of the system architecture 
because they’re intended only for new motherboard de- 
signs. They do, though, allow designers to maximize the 
transfer rate between the microprocessor and the video 
memory subsystem. By employing a memory architec- 
ture in the main memory that divides the storage into 
standard DRAM and moderate-speed video RAMs, data- 
transfer rates can hit 20 to 30 Mbytes/s—four to six 
times those of the AT bus. And because the data-transfer 
speed is tied directly to the CPU speed, graphics re- 
sponse improves as well when higher-speed CPUs are 
substituted. 

The first Wingine version supports 72-Hz refresh 
rates and 1024-by-768-pixel by 256-color displays, as well 
as the emerging 64-kcolor standard. With the two-chip 
set, designers at Chips and Technologies estimate that 
building a video control subsystem will cost about the 
same or less than current accelerator schemes. In large 
volumes, the 64200 accelerator chip sells for $18 each, 
while the 64201 glue chip goes for $7 each. For more in- 
formation on the Wingine chip set, Contact Chips and 
Technologies at (408) 434-0600. cIRCLE 588 
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PC GRAPHICS WATCH 


LOCAL BUS SPEEDS VIDEO 


ocal-bus connections are making waves as a 

method to increase video performance. By using 

a local bus rather than the existing ISA, EISA, 

or Micro Channel Architecture (MCA) system 
bus, data can be passed at a higher speed without any con- 
flict from other signals being passed on the system bus. The 
local bus’ popularity has raised a few eyebrows among 
those concerned with system compatibility, because many 
companies are implementing proprietary local-bus 
schemes. Hence, the Video Electronics Standards Associ- 
ation (VESA) has formed a committee to standardize a lo- 
cal-bus connector and device interfaces across ISA, EISA, 
and MCA platforms. 

Overthe past year, such vendorsas CompuAdd, Dell, Mi- 
cronics, NEC, and Orchid Technologies have released pro- 
prietary local-bus motherboards and graphics adapters. 
Systems implementing a local bus often report a 400% to 
600% increase in graphics performance over 
standard configurations. Local-bus-based sys- 
tems are receiving more attention because they 
improve performancein Windows3.0, AutoCAD, 
X-Windows, and other graphics-based environ- 
ments. However, because these systems are pro- 
prietary, there’s no aftermarket for future ex- 
pansionand noassurance of overall compatibility. 
The VESA local bus, dubbed VL-Bus, addresses 
these issues head on. 

Some considerations were made while forming 
the VL-Bus standard, including ease of imple- 
mentation, flexibility and reliability, compatibil- 
ity, mechanical stability, and cost effectiveness. 
The goal is for end users to be able to buy any VL-Bus 
adapter board that can plug into their systems without any 
configuration concerns. VESA directly solicited and in- 
vited the participation of CPU, coprocessor, controller, 
network, and compression chip vendors to ensure compat- 
ibility of a wide variety of local-bus peripherals. This re- 
sulted in participation of over 40 member companies, in- 
cluding Cirrus Logic, Everex, Micronics, and Tseng Labs. 

Currently, up to three devices are supported on the VL- 
Bus. These devices can reside on an add-in adapter card or 
directly on the motherboard. Each device or slot is opti- 
mized for a 32-bit data path while allowing bus sizing down 
to 16 bits. This protocol offers an open environment for the 
most widely available and cost-effective 16-bit devices, and 
it defines a clear path for future 32-bit devices. 

Signals provided on the VL-Bus can implement a local- 
bus device without accessing the standard I/O bus. How- 
ever, the option of using standard I/O bus signals is clearly 
defined. At the device level, this allows for easier, less ex- 
pensive implementations, because components that don’t 
directly benefit from local accesses can be placed on the I/O 
bus. For example, rather than use four EPROMs for the 
BIOS on a purely local device, designers can route BIOS 
calls through the I/O bus and eliminate two EPROMs. A 
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second application might employ a conventional 16-bit dig- 
ital-to-analog converter on the I/O bus while the graphics 
controller sits on the local bus. 

The VL-Bus connector is a standard 112-pin MCA type 
that lines up directly with the ISA/EISA/MCA slot con- 
nectors. Pin One ofthe VL-Bus slot connectoris 1/2 in. from 
the last pin ofthe ISA/EISA/MCA slot. This connector sup- 
plies the lowest cost and the best electrical characteristics 
for signals up to 66 MHz. Moreover, local-bus adapter 
boards can utilize the ISA/EISA/MCA signals as needed 
while using the extra slot length for greater mechanical 
strength. 

The maximum size of the adapter board is the same as 
the form factor of the IBM PS/2 Model 30 add-in card. 
Hence, the VL-Bus adapter fits into slim-line as well as 
standard-size cases. The three local-bus slots can be 
aligned with any of the system slots. However, it’s recom- 
mended that the VL-Bus slots are aligned with 
the system slots closest to the CPU. At high fre- 
quencies, the distance from the slots to the CPU 
can affect performance. The larger the distance, 
the greater the degradation in performance. 

Up to three bus masters, other than the CPU, 
can be supported by the VL-Bus. The bus mas- 
ter and the target can bothreside onthe VL-Bus, 
or one or more can sit on the I/O bus. A VL-Bus 
device can communicate with any DMA slave or 
ISA/EISA/MCA bus master. 

The VL-Bus is optimized for 80386 and 80486 
CPUs because the signals are closely matched 
for these processors and their 32-bit data path. 
Provisions have been made to expand to a 64-bit data path 
as those processors become available. 

The VL-Bus can operate at speeds up to 66 MHz and sup- 
ports systems that can dynamically switch CPU speeds. 
Support is also included in the VL-Bus specification for fu- 
ture CPUs that will operate at higher clock rates. 

Although the VL-Bus standard is comparatively robust 
today, allowances for future expansion have been made. 
These include expansion to multiple processors, additional 
interrupts, and widening of the data path. To accommodate 
future signals, the connector can be extended with a 32-bit 
MCA connector. Any future VL-Bus extensions must be 
downward compatible with previous revisions. 

The maximum bandwidth of the VL-Bus specification is 
133 Mbytes/s at 66 MHz. This contrasts a maximum trans- 
ferrate of5 Mbytes/s onan ISA bus or 33 Mbytes/son EISA 
or MCA systems. The bandwidth will supply the horse- 
power needed today, as well as for tomorrow’s high-per- 
formance graphical environments. 

The VL-Bus specification is complete, and will be for- 
mally ratified by the full VESA membership as soon as 
modeling and verification are done (sometime during the 
summer). For more information on the VL-Bus or other 
graphics-related issues, contact VESA at (408) 435-0333. 
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PC 
SYSTEMS 


Evaluating the Communications 
Performance of Your Next Board 


BY 


Limitations from physical media, system bus latency, and 
software may hinder communications speed. 
ROBERT 


w ODELL 


Motorola Inc., MS OE216, 6501 William Cannon Dr. West, Austin, TX 78735-8598; (512) 891-2000. 


computation, or did it communicate with the outside 

world? Whether you designed a PC add-in card or a 
motherboard, it’s likely that some form of data communi- 
cations had to be dealt with. 

Of course, data communications problems aren’t limited 
to PCs. Even if your last board was for embedded control, it 
probably communicates with other boards, or systems, or 
has options for doing so. Who would deny that a critical 
function in a laser printer’s design is its need to link to a 
personal computer or local network, via Ethernet, Apple- 
Talk, Centronics, or VART? 

So, given the fact that communications exist on most 
board designs, the question you must ask yourself on each 
new project is: Will this solution meet the communication 
performance goals? The answer can be obtained in terms of 
three factors—physical media limita- 
tions, system bus latency and through- 
put limitations, and software limita- 
tions. This article looks at these limita- 
tions to see how they can be used to 
evaluate a board’s communications 
performance, and differentiates their 
effectiveness for low- and high-speed 
communications. 

This article uses Motorola’s 
MC68302 Integrated Multiprotocol 
Processor as an example of low- and 
medium-speed communications. It 
contains an MC68000 core, general- 
purpose peripherals, and three serial 
communications channels (SCCs). It’s 
currently being employed in PC add- 
in cards for such applications as V.32 
modems, as well as embedded control 
applications such as laser printers. 

Motorola’s Fiber Data Distributed 
Interface (FDDI) chip set is used as an 
example of high-speed communica- 
tions. It can connect PCs and worksta- 
tions to the emerging FDDI local-area 
networks (LANs), as well as in other 
embedded applications, such as con- 
centrators and bridges. Regardless of 
the application, however, the princi- 
ples are the same. 


T:: a look at your last board design. Was it an island of 


overhead. 


Incoming serial data 


vy 


Actual serial 
performance 


1. Whether the design is for a PC add-in card or 
for embedded control, the triple-bottleneck mod- 
el serves as a guide to estimating the serial 
throughput. The throughput of the board’s com- 
munications section is gated first by the physical 
media, second by the system-bus latency and 
throughput, and third by the software-protocol 


As a design engineer, you know what it’s like to try to 
meet the performance goals of the board. Often these goals 
are generated from the marketing group. Everyone is 
counting on you to create an architecture that meets all of 
the functional and performance requirements. This would 
be easy except for that “it’s got to be as cheap as possible” 
item lurking near the top of the list, not to mention that un- 
believable schedule required. Most projects start with these 
things in common, but once beyond this point, the ap- 
proach from designer to designer and company to company 
diverges immensely. 

For instance, if you’re lucky, you might have a perfor- 
mance evaluation model to simulate the devices’ behavior. 
This could take the form of specific component software 
models that you use to run code on a simulated board made 
from a library of components. Similarly, hardware models 
are available that can simulate one or 
several chips’ performance using the 
actual component. Typically, though, 
you won’t use these models until after 
you’ve committed to a given solution 
and started the actual board design. In 
fact, these models may never be used. 


Physical limitations 


ther types of behavioral 

models can also work at a high 
level to quickly generate analysis. In 
fact, the brave might even generate 
their own model in C. Typically, 
though, it’s not possible to do such a 
thorough analysis before making a de- 
cision. There never seems to be enough 
time to get the board out the door, 
much less play around with modeling 
decisions beforehand. It may actually 
be wisest to take the time beforehand, 
but convincing your boss of that can be 
another story altogether. 

Therefore, most designers are left to 
make the decision using their experi- 
ence, the experience of other company 
projects, and a healthy safety margin. 
The marketing group will clamor to 
your desk if the performance goals 
aren’t met, but will they ever know if 
you could have met the goals with less 


System-bus latency 
and throughput 


Protocol software 
overhead 
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computer and workstation makers. 


They tell us we are the first 
supplier to complete this 
next generation of memory. 

We, in turn, see it as a 
significant milestone in the 
global effort toward elegance 
and power in computing. 

Of equal significance, 
Samsung’s completion of the 
generation marks something 
of a transformation in the 
worldwide map of supply. 


And we believe consumers 


of electronic components will benefit from this. 
Yet perhaps most important, is the fact that 


the 16-meg will indeed help the electronics 


community—in the u.s. and 
elsewhere—to do nothing 
less than change the world. 

The new-generation 
DRAMS are a significant boon 


to the hugely beneficial 


technology of today’s workstations. Machines that 


allow us to better comprehend the world, and to 


Samsung began shipping DRAM 
chips in the new 16M density—in 
production volumes—during 1991. 
Our customers for the product 


include many of the world’s premiere 


The world’s first 16-meg DRAM. 


Organization Mode Speed Samples Production 


16M XI 
16M XI 
16M XI 


FAST PAGE 60/70/ NOW NOW 
NIBBLE 60/7 NOW 6-92 
STATIC COL. 60/7 NOW 6-92 
4MX4 FAST PAGE 60/70/ NOW NOW 
4MX4 STATIC COL, 60/7 5-92 8-92 
4M X4(WPB) FAST PAGE 60 5-92 8-92 
4MX4(WPB) STATIC COL. 60/70/8 5-92 8-92 


2K and 4K refresh available 


Yes. I want to learn about the next generation 
of memory. Please send more information. 


Name Title 
Company 
; Address 
J City State Zip 


| Return coupon to Marketing Communications, Samsung Semiconductor, 
y 3725 No. First St., San Jose, CA 95134. Or call: 


1-800-446-2760 


&& SAMSUNG 


A Generation AHEAD. 


advance in areas as different as medicine and 
transportation, finance and filmmaking. 

The new generation will also, in short order, 
facilitate ever-more-capable notebook and palmtop 
computers. Computers that will make us more 


productive—and will also define the workplace in a 


whole new way. 

In the near future, more 
will be heard from Samsung. 

We are among the major 
makers of DRAMs in all 
organizations and densities, 
and we are an increasingly 
major supplier of sRAMs. 
We make a wide line of 
fast, ultra-fast, and high- 
density sRAMs, up to 4M in 
density and 8 ns in speed. 


Our specialty memories 


include ROMs, VRAMs, pseudo and cache sRAMs, 
EEPROMS, and Firos. And we also build superior 


ASICs, microcontrollers, MOSFETs, and RAM DACs. 


And, of course, in DRAMs, 
there is always the 64-meg. 

About which, we hope to 
be writing soon. 

If we may provide further 


information of any kind, 


please contact us via the coupon at left, or by 


telephone at 1-800-446-2760. 


SEMICONDUCTOR, 
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Host processor 


Shared memory 


User bus system 


User system PAL 


MC68839 FDDI ; 
|__ system interface 


CAM interface 
MC68838 media 
Motorola FDDI external CAM 
chip-set boundary 


MC68837 elasticity 
buffer and link monitor 
| — MC68836 FDD! 
clock generator 
From fiber-optic cable To fiber-optic cable 


2. The Fiber Distributed Data Interface (FDDI) solution provided by Motor- 
ola currently consists of four chips. The MC68836 FDDI clock generator 
(FCG) connects to the twisted-pair driver or fiber-optic module. The 
MC68837 elasticity buffer and link monitor (ELM) also performs part of the 
physical-interface functions. The MC68838 media-access controller (MAC) 
executes the media access portion of the FDDI standard. Finally, the 
MC68839 FDDI system interface (FSI) provides the buffering and connec- 
tion to the system bus. 


cost? Probably not. The result is a tendency for you to over- 
engineer the design, increasing cost to meet the perfor- 
mance goals. 

So what steps can be taken to home in more accurately on 
the performance you can expect? A simple model, called a 
triple bottleneck model, can help clear up a number of ideas 
that designers have about the communications perfor- 
mance on their board (Fig. 1). The model illustrates that the 
throughput of the board’s communications section is gated 
first by the physical media, second by the system bus laten- 
cy and throughput, and third by the software protocol 
overhead. What permeates all the way 
through is the real data communica- 
tions rate. Actually, the performance 
of the system is gated by the smallest 
bottleneck rather than all three. This 
statement is mathematically ex- 
pressed as: 


Pin —> Amplifier Driver —> LED 


System throughput = Minimum 
(physical, bus, and software perfor- 
mance) 


Board designers typically worry too 
much about physical performance be- 
cause it’s the easiest to deal with. On 
the other hand, software performance 
isn’t paid much attention because it’s 
not directly related to the hardware. 
Often, the reverse of these two is a far 
better scenario. 

It should also be pointed out that 


these factors aren’t truly independent. For instance, in- 
creasing the bus performance will usually boost the soft- 
ware performance as well. In another example, increasing 
the physical performance may cause a faster burst of data to 
be received, requiring a decrease in the system bus latency. 
However, let’s look at each of the three bottlenecks in more 
detail before discussing their interdependencies. 

The physical performance of the media is the most obvi- 
ous characteristic of the communications system. It’s cer- 
tainly the most well understood of the three bottlenecks. 
Depending on your application, the physical performance 
may not be much of an issue at all. For instance, if you’re 
connecting up to a standard local-area network, such as 
Fiber Distributed Data Interface (FDDI), you’re commit- 
ted to providing a 100-Mbps connection on your board. In 
such a case, an FDDI chip set like that from Motorola will 
be required (Fig. 2). 

In the case of a well-defined standard protocol, the only 
physical performance issue is ensuring that the physical 
requirements of the connection are satisfied. In a standard 
LAN environment, the chip vendor will usually supply you 
with the cookbook solution for making a media connection. 
If they can’t do this, buyer beware—they may not have 
verified it themselves! 

For example, an FDDI solution can be made with the 
MC68836 FDDI clock generator (FCG) from Motorola 
(Fig. 3). The FCG is part of the four-chip set for FDDI. The 
FCG implements the lower portion of the physical layer 
(PHY) functions of the FDDI standard, including clock 
recovery, data recovery, and nonreturn-to-zero-inverted 
(NZRJ) conversions. It also does a 5-bit parallel-to-serial 
conversion during transmission, and a serial-to-5-bit-paral- 
lel conversion during reception. The FCG uses the 5-bit 
parallel interface to communicate with the MC68837 elas- 
ticity-buffer-and-link-monitor (ELM) device, and directly 
connects to fiber-optic modules through differential driv- 
er/receiver pins. 

If you’re making a proprietary connection, however, you 
may be able to personally choose the data rate of the sys- 
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tem. For example, in a terminal connection, you may need 
to provide the option for a connection as low as 300 baud, 
and as high as 57,600 baud. Moreover, when connecting 
two systems witha proprietary serial link, a high-level data- 
link control (HDLC) type of protocol is often used. In such 
cases, the media speed is arbitrary, and is often chosen by 
the designer to be between 64 kbps and 10 Mbps. 

Higher media speed may accomplish nothing for your 
connection, and may do more harm than good. If the pro- 
cessor handling the protocol is saturated with work, an 
increase in the media speed won’t help the overall through- 
put (Fig. 4). In fact, if the protocol doesn’t allow for grace- 
ful degradation, the actual throughput can actually de- 
crease once a peak is reached. Nevertheless, one may argue 
that an increase in the media speed may help the response 
time when one isolated message needs an immediate re- 
sponse. But if software is involved in the response, a point of 
diminishing returns is reached (Fig. 5). The decision on 
media speed, therefore, can’t be made without consulting 
the bus and software factors. 


aving touched on the physical interface issues, 

let’s move on to the system bus issues—throughput 
and latency. The bus throughput involves the protocol de- 
vice moving data to and from memory, still leaving enough 
time for the software to use the bus in its protocol process- 
ing. Bus latency is the delay incurred when the protocol de- 
vice needs to acquire the bus for a transfer. 

Although most of today’s new serial devices have built-in 
direct-memory-access channels, older protocol devices 
don’t, and may not even allow an external direct memory 
access to be easily used. In such a case, the DMA move- 
ment is replaced by software instructions, and the protocol 
device’s bus latency is replaced by the software routines 
interrupt or polling latency. In any case, the principles are 
the same. 

There are two important goals in bus-performance anal- 
ysis. The first goal is to analyze the percentage of the bus 
that will remain for the processor and any other peripherals 
on the system bus. The second goal is to determine that no 
underruns or overruns will occur on the protocol devices 
during operation. 

Where do you get such information? Some calculations 
can be done by yourself, and others may require help from 
the manufacturer. You can easily calculate the percentage 
of the bus required by the protocol device during peak peri- 
ods. This is done as: 


[(2 x Sbps/8) + NBPT] x NCPT 
NSBC 


where: 


Sbps = serial data rate in bits/s. Sbps is the rate of real data 
flowing through the serial device to memory. For example, 
in UART applications, remember that start and stop bits 
aren’t considered real data because they’re overhead that’s 
created and stripped by the UART itself. Sbps is then divid- 
ed by 8 to convert this number into bytes per second. Note 
that Sbps is multiplied by 2 if the link is full duplex, other- 


RFILT1 
MC68836 FDDI 


clock generator pry 


Function 


Rx main phase-locked-loop filter 
Rx frequency multiplier filter 
VCXO 


Rx VCXO 
Tx oscillator 
Tx oscillator 
Tx frequency multiplier filter 
Rx main phase-locked-loop filter 
Rx frequency multiplier filter 
Tx frequency multiplier filter 
10 kQ VCXO control signal 
MMBV105GL__-Varactor diode 


3. This example of a physical-interface cookbook solution for FDDI uses 
Motorola’s FDDI clock generator. Physical-interface issues can be more 
easily dealt with when a well-known, standard protocol like FDDI is used. 


wise it’s multiplied by 1. 


NBPT = number of bytes per transfer. When data is moved 
from the protocol device to memory, how many bytes at a 
time can be moved? 


NCPT = number of clocks per transfer. How many clocks 
does it take to move this data to memory? If no direct mem- 
ory accesses exist, all software instructions should be 
counted. If direct memory accesses are used, then the aver- 
age bus arbitration overhead per transfer should be includ- 
ed in this number. 


NSBC = number of system bus clocks that can occur per 
second. 


One typical application for the MC68302 integrated 
multiprotocol processor might use SCC, and SCC, to con- 
nect to the two B channels at 64 kbps each, with SCC, 
connected to the D channel at 16 kbps (the integrated-ser- 
vice-digital-networks (ISDN) standard defines that B 
channels be used for voice and data services and that the D 
channel facilitate the signaling on the ISDN physical inter- 
faces; basic access provides two B channels and a D chan- 
nel, commonly referred to as 2B + D). This means that 
Sbps is 64k + 64k + 16k = 144 kbps. Each channel is full 
duplex. 

The MC68302 processor is a 16-bit device, and can move 
2 bytes of serial data at a time over the local bus (NBPT = 
2). These numbers assume that the add-in card contains a 
local bus for the MC68302 to operate on, as opposed to the 
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system bus of the PC. There are usually three clocks of 
arbitration for the serial direct memory accesses to acquire 
the bus, four clocks for a no-wait-state access, and one 
clock of arbitration following each 16-bit transfer. The di- 
rect memory accesses acquire the bus for each 16-bit trans- 
fer. This means that NCPT = 3 + 4+ 1= 8. With a 20- 
MHz clock, there are 20M system bus clocks/s available. 
Thus: 


[(2 x 144 kbps + 8 bits/byte) + 2 bytes] x 8 clocks 
20M clocks/s 


Less than 1% of the system bus is required in this situa- 
tion. Having calculated this for the multiprotocol proces- 
sor, it makes sense to consider some cost-saving alterna- 
tives. First, why not choose cheaper static RAM and add 
one wait state? Second, the 8-bit bus mode of the processor 
could be considered. Using this mode means that the 2 
bytes of data will have to be moved in two consecutive bus 
cycles. However, EPROM and RAM width on the board 
will be saved, potentially saving two chips. With these two 
changes, the number of clocks per transfer increases from 8 
clocks to 3 +5 +5 + 1= 14. The resulting equation gives: 
[(2 x 144 kbps ~ 8 bits/byte) + 2 bytes] x 14 clocks 

20M clocks/s 
Even with the two changes, just barely over one percent of 
the bus is used. 

Modifying the bus will affect processor performance. 
The 68000 processor on the MC68302 in 8-bit mode is 
around 60-70% as fast as the regular 68000 under the same 
conditions, which implies a software performance degrada- 
tion of around 30-40%. Is that acceptable? Obviously, it de- 
pends on the application software that must be run. That 
will be discussed in detail later. 

The above analysis is made assuming there’s continuous 
activity on all three serial channels at the same time. If this 
isn’t true, you can factor these effects into the equation. 
This isn’t really important if the bus utilization is low, as in 
the previous example. But by using the last equation and 
running the MC68302 serial channels at maximum speed 
(an aggregate of around 2.2 Mbps full duplex), the bus utili- 


= 0.0072 


= 0.0126 


Serial throughput curve 


Other factors in system reach 
their jon point 


Bit rate of the physical media (bits/s) 


4. Increasing media speed affects overall performance. Regardless of the 
protocol or system, a saturation point is eventually reached (usually 
caused by software), after which little or no improvement in serial through- 
put is obtained. 


Response time curve 


Bit rate of the physical media (bits/s) 


5. An increase in the media speed may help your response time in a situa- 
tion where one isolated message needs an immediate response. However, 
the response can involve a number of different steps (like bus cycles, in- 
terrupts, and software). If any of those steps have a fixed time associated 
with them, a minimum response time is the result. Increasing the media 
speed eventually provides little or no benefit to the system. 


zation goes up to 10.5%. 

The MC68839 FDDI system interface (FSI) device is 
designed for much higher speed operation than the 
MC68302 processor. It moves data to memory either 64 or 
32 bits at a time, and can move data in as fast as 1 clock time 
at 25 MHz (although 2 clocks will be assumed here). The 
FDDI is a 100-Mbps network, but it’s half-duplex because 
a Station can’t receive one message and transmit a different 
message at the same time. Using the previous equation for 
the FSI in its 32-bit mode, we have: 


[(1 X 100 Mbps = 8 bits/byte) + 4 bytes] x 2 clocks 


25M clocks/s 


As this equation shows, the FSI will use 25% of the bus 
during periods of transmission or reception. This is a rea- 
sonable figure considering that it only applies when data 
frames are actually sent to or received from this particular 
station. 

The bus-utilization numbers indicate how much of the 
bus the processor will have remaining for software tasks. 
But the second goal in looking at the bus is to determine 
that no underruns or overruns will occur on the protocol 
devices during its operation. In most synchronous proto- 
cols, once data transmission or reception begins, it’s impos- 
sible to delay the process. As serial data is received into the 
protocol device, some sort of buffering is made for the data 
because there’s no guarantee that the system bus will be im- 
mediately accessible to the peripheral. On older UART- 
type devices, this buffer may be just two bytes, known as 
double buffering. On the MC68839 FSI, supporting 100- 
Mbps data rates requires more internal buffering. The FSI 
supports its internal buffering in an 8-kbyte internal RAM 
shared in various configurations between the receive and 
transmit machines. On the multiprotocol processor, the 
buffering depends on the protocol used—either 3 bytes or 3 


= 0.25 
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of the NICE” Ethernet solution from the Advanced Products for user applications — by freeing CPU and memory band- 
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as well. Making Ethernet LAN board design easier. standards — ensuring international interoperability. 


Faster. And more cost effective than ever before. And that’s no myth. 
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for motherboard applications. from Fujitsu. Because all it takes to expose 
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words on receive, and 3 bytes or 4 words on transmit. 
Stream-oriented protocols like HDLC and Transparent 
use the larger buffering. 

From the time that the first receive data arrives, it’s fairly 
easy to calculate the bus latency allowed by your protocol 
device. The latency is simply the time it takes to fill up the 
internal receive buffer. This can be calculated as: 


FIFO size in bytes 
(Sbps) + (8 bits/byte) 
With a 20-MHz multiprotocol processor working at the 


maximum sustainable data rate of 2.2 Mbps in its HDLC or 
Transparent protocols, the bus latency is: 


6 bytes 
(2.2 Mbps) ~ (8 bits/byte) 


With a 25-MHz FSI working at 100 Mbps, the bus latency 
is: 


= 21.6 us 


3.2 kbytes 
(100 Mbps) = (8 bits/byte) 


The FSI FIFO size is calculated by dividing the 8-kbyte 
RAM into a receive and transmit portion, after accounting 
for overhead caused by buffer descriptors and internal pa- 
rameters. 

Actually, the latency supported by the FSI depends on 
the configuration. If the 8-kbyte memory is configured with 
2 receive queues and 4 transmit queues, the latency is re- 
duced to 80 jzs—still a reasonable number in most systems. 


= 256 us 


he problem with those latency calculations is that 

they don’t include the dynamics of every factor that 
can influence the state of the internal buffers or FIFOs. For 
instance, on the multiprotocol processor, a complex web of 
actions can occur between the transmit and receive sections 
of the three serial channels that it supports. Furthermore, 
information received at the start of a frame may be checked 


TABLE 2: LAPB OR LAPD SOFTWARE PERFORMANCE 


ON THE MC68302 


One serial communications channel operating 
Serial bit rate I frames/s Theoretical lieit 
64 kbps 3 frames 


500 kbps 30 es 3 frames 


— 30 bytes 7 frames 
30 bytes 9 frames 


Notes: 


1. The theoretical limit of the line assumes no overhead (such as flags, CRCs, zero insertion, and receiver-ready 


frames) and an infinite window size. 


2. The window size (also known as k) is the number of frames that may be sent without receiving an acknowledge- 


ment (modulo 128). This value can impact performance considerably. 


3. Only layer-2 information frames are counted in the total shown. The rate shown is the total full-duplex channel 


rate. Thus, 890 | frames/s equals 445 transmitted and 445 received | frames/s. 


4. The frame length is defined as all bytes between the opening flag and the first CRC byte. 


5. Performance numbers for LAPB or LAPD are virtually the same. 

6. The following Motorola-developed tasks were running during this experiment: 
Layer 7—file transfer application 

Layer 2—LAPB or LAPD (1988 blue-book compatible) 

Layer 2—MC68302 chip drivers 

EDX—teal-time kernel 
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for address recognition, a task accomplished by a RISC 
coprocessor on the multiprotocol processor. Thus, a true 
latency model depends on numerous factors. Ifa true laten- 
cy equation could be developed on the MC68302 processor, 
it would be a function of many parameters, such as: 


@ The number of SCCs used 

e The data rate on each SCC: receive and transmit 

© The type of protocol run on each SCC: HDLC, Transpar- 
ent, BISYNC, DDCMP (digital data communications 
message protocol), UART, V.110) 

@ The length of the received and transmit frames on all 
SCCs and their relationships to each other over time 

© The number of flags or idles sent between each frame 

© The frequency of the system-bus side of the MC68302 
processor 

@ The addresses to be automatically recognized (if any) 

@ The location and position of control characters in the 
frame (if any) 

© The use of single or multiple buffers per frame 

e The external bus width 

@ The number of wait states to memory 

e The maximum time it takes for the SCC to acquire the bus 
when needed 

© The decision to put certain data buffers in the internal 
dual-port RAM or in external RAM 


Needless to say, this becomes a job for experimentation 
or simulation, not a mathematical equation. The decision 
made for the MC68302 processor was to run a number of 
experiments in different configurations to get real results 
on the actual device (Table 1). The results show the maxi- 
mum performance that was obtained with the MC68302 
using different protocol combinations on different SCCs. 
In all cases, full-duplex operation is assumed, unless noted, 
and the SCCs obtained the bus within 20 system clocks of 
requesting it. The numbers assume a 20-MHz system clock, 
and can be scaled linearly for different clock speeds. 

These results are superior to laten- 
cy-calculation results because they 
show the true maximum performance 
that was achieved without incurring a 
FIFO underrun or overrun. Even 
though the SCC’s clocking limit is 8 
MHz, the highest long-term sustain- 
able rate is less (2.8 Mbps full duplex), 
and this value assumes that data buff- 
ers are held in the internal dual-port 
RAM of the chip, as opposed to exter- 
nal memory. 

In your project, you probably won’t 
have the luxury of testing a given con- 
figuration of your protocol device to 
see if it will work. For fast results, ask 
the manufacturer for any available 
performance data. If you can’t get the 
performance data for the particular 
configuration you need, ask their ap- 
plications group about their experi- 
ence. For instance, although Motorola 
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6. The protocol-device driver's performance can be significantly enhanced 
if the protocol device supports automatic descriptor rings and on-chip di- 
rect memory access, like that on the MC68839 FSI and MC68302 multipro- 
tocol processor. The FDDI system interface provides a user-definable num- 
ber of descriptors, and the multiprotocol processor offers 8 receive and 8 

transmit descriptors for each of its three SCC channels. 


didn’t publish performance data for the MC68302 for any 
RAM other than zero-wait-state accesses, it was found 
through experience that each wait state added to the system 
decreases serial performance by about only 1%. 


T: last performance-analysis area is the software 
itself. This is the software-protocol overhead that 
must execute along with the protocol device to complete 
the communications desired on the board. The software 
overhead can be thought of as performing two distinct ac- 
tivities. The first activity is the protocol-device driver, and 
the second is the upper-layer software execution. 

In your application, the device driver in your perfor- 
mance analysis may not be a concern because the driver 
could be considered as part of the communications soft- 
ware. But, a distinction must be made if the protocol-device 
driver can be the cause of speed limitations. For instance, 
the buffer descriptor ring of the multiprotocol processor 
can receive up to 8 HDLC frames without software inter- 
vention. However, consider the effect of a ring only two 
frames long. HDLC-type frames can be as short as five 
bytes (1 address; 1 control; 2 cyclic-redundancy-check, or 
CRC, bytes; and a closing flag that serves as the opening 
flag of the next frame). Now consider the case of receiving 
multiple 5-byte HDLC frames back-to-back. After the first 
frame is received, the software only has five byte times to 
process the first data buffer before the protocol device re- 
ports some kind of “out of buffers” error, and stops receiv- 
ing. Is the interrupt overhead in the driver low enough to 
meet this time in all conditions? If not, you have another 
performance bottleneck to consider. 

Obviously, whether or not there’s a device-driver bottle- 
neck depends a great deal on the serial data rate (the lower 
the better), and whether the protocol supports flow control. 
For instance, link-access protocol, D channel (LAPD) and 
link-access protocol, balanced (LAPB) support a window 
function that ensures they will never send more than k 


frames (where k is a variable) without receiving an acknow- 
ledgement. Similarly, UART protocols may support XON 
or XOFF characters or out-of-band flow-control signals 
(such as CTS) to prevent overflowing the receiver. 

If the protocol device requires polling or interrupts on a 
per-byte basis, then the protocol-device driver gets even 
more important to analyze. The required response time of 
the driver is one byte. If the protocol device has on-chip di- 
rect memory access, yet won’t actively switch between data 
buffers without software control, then your driver must 
still have a low response time. If your protocol device is like 
the MC68302, your driver must have a response time of 8 
buffers/frame—the number of buffer descriptors the de- 
vice offers for the receive and transmit sides of each SCC. If 
your protocol device is like the MC68839 FSI, then it has a 
user-definable buffer ring capability built into the external 
RAM, and the driver’s response time can be as large as the 
memory will allow (Fig. 6). Of course, don’t overlook the 
fact that as you wait to process the incoming frames, the 
amount of work grows. 

What do you do if the protocol-device driver in its worst- 
case situation can’t meet the needs of the protocol devices 
for a particular data rate? You have three possible choices: 


1. Do nothing. Based on your analysis, you agree to live 
with the fact that the out-of-buffers condition will occur 
once in a while. The only reliable way to decide how often 
this will happen is to directly measure the system. In any 
case, your communications protocol has a method of recov- 
ering from this error in some manner (for example, this 
frame and others are possibly retransmitted again later). 
And the frequency of this occurrence is not great enough to 
significantly affect the performance. 

2. Decrease the software driver latency. This can be done by 
code optimization, a better software architecture, or a fast- 
er main processor (at more cost, of course). 

3. Lower the serial data rate. You decide that better total 
throughput will be obtained by eliminating or decreasing 
the chance of an out-of-buffers condition. 


The upper-layer software includes everything required 
to make the communications software a full usable pack- 
age. For instance, in an application that includes an FDDI 
connection, the FDDI chip set implements the media ac- 
cess control (MAC) and physical (PHY) layers, while the 
upper-layer software may implement the transfer-control 
protocol/internet protocol (TCP/IP) layer-3 and -4 func- 
tions. In addition, if a home-grown UART-based protocol 
were used, the MC68302 processor could implement the 
UART-character formatting, control-character recogni- 
tion, and part of the flow-control functions, while the up- 
per-layer software does the rest. 

Asa final example, consider the MC68302 multiprotocol 
processor used in an application that needs an X.25 connec- 
tion (consisting of layers 1, 2, and 3). The line driver and the 
processor would implement layer 1. The processor with its 
layer-2 support functions and software running on its 
68000 core would implement LAPB, which comprises lay- 
er 2. The packet-layer protocol (PLP) would be implement- 
ed totally by upper-layer software. Even if the physical is- 
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sues, bus-throughput and latency issues, and device-driver 
issues are dealt with appropriately, the upper-layer soft- 
ware may be the real communications bottleneck in the 
system. No matter how fast data can be correctly stashed in 
buffers, it’s all wasted capability if the upper-layer software 
can’t keep up. 


oe for example, an X.25 application running 
on the MC68302 multiprotocol processor. Experi- 
ments were performed using two MC68302 application- 
development-system (ADS302) boards. Each board con- 
tained one MC68302 operating at 16.67 MHz, and 512 
kbytes of 1-wait-state DRAM, with all code executed out of 
3-wait-state EPROM. The two boards passed frames (cre- 
ated and stored in DRAM) to each other with one SCC op- 
erating as a full-duplex HDLC channel. 

The software running on each board consisted of differ- 
ent tasks that communicate with message passing, along 
with the real-time kernel EDX. The results assume 30-byte 
frames in all cases, and show the data communications rate 
of the data in frames per second (Table 2). 

Under the high serial data rate conditions, adding the 
PLP layer-3 software decreases the overall throughput by 
about a factor of 2. This is consistent with results found on 
other processors in combination with other protocol de- 
vices in an X.25 environment. 

If the serial data rates are low, the software throughput 
approaches the physical serial rate. However, when the se- 
rial data rate is increased, the software tops out at its own 
performance limit. The varying results between entries is 
attributed to whether the software or the physical line is the 
performance bottleneck. Ifthe result is close to the theoreti- 
cal limit, the line is clearly the bottleneck. Because the 
amount of code executed in these experiments is virtually 
the same regardless of the frame length and the number of 
serial communications channels used, the software limit is 
the highest value shown in the results table—about 900 
frames/s. 

If more software throughput is needed, you must in- 
crease the clock speed or change the processor. The 
MC68302 processor has a feature called slave mode that 
turns off the CPU and allows it to be used as a peripheral 
chip to another processor. For instance, software runs four 
times faster using an MC68302 in slave mode with a 25- 
MHz 68020 as a master. 

There are several alternatives available if there’s no soft- 
ware performance on hand, such as: 


1. You can compare what you’re trying to accomplish with 
that of other known results. For instance, the LAPD and 
LAPB results would be generally applicable for any 
HDLC-type protocol, such as synchronous data-link con- 
trol (SDLC). 

2. If you’re changing processors, run some of your old ex- 
isting communications software, perhaps time-critical rou- 
tines, on the new processor. 

3. Talk to the protocol-device manufacturer to see if they 
have any unpublished information available. 

4. Talk to third-party communications-software-develop- 
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ment houses about their software performance using the 
manufacturer’s devices. 

5. Take a look at the work that must be performed for each 
frame, add a healthy adder for the unknown, and then scale 
this up based on the number of frames you expect to receive 
per second. This should be your last resort. 


Now consider an FDDI software application. Although 
the FDDI chip set can buffer data at 100 Mbps, there’s no 
standard processor that can process FDDI frames at this 
speed with a full software application running (such as 
TCP/IP). In fact, even high-end FDDI stations can only 
process data in the neighborhood of 5 Mbytes/s = 40 
Mbps, well under the 100-Mbps limit. 

So, why are people designing with FDDI? Basically, they 
want to obtain better throughput for the LAN as a whole. 
Even if each FDDI node can only support a low communi- 
cations rate, an FDDI LAN could support many such sta- 
tions simultaneously with no real loss in throughput at a 
given node. 

To estimate the maximum performance of a given appli- 
cation, all you need to do is find the bottleneck in the sys- 
tem. As we have seen, it may be found in a number of 
different places. Once you find the bottleneck, you can take 
two courses of action—eliminate the bottleneck while be- 
ing wary of cost; or decide that the performance is satisfac- 
tory and look for ways to reduce cost in the design. When 
looking to reduce cost, you must ask yourself several ques- 
tions, such as: 


1. Do I have the option to reduce the media speed? If so, I 
may be able to save money on the media, line drivers, and/ 
or protocol device. Note that the protocol device may be 
available in a lower-cost version when run at a slower 
speed. 

2. Do I have the option to modify the bus characteristics? If 
so, can I reduce cost by using memory with more wait 
states? Can I design a narrower bus to eliminate a number 
of components? Did I add more expensive components or 
glue in the system to keep the bus latency down to a mini- 
mum? If so, perhaps they can be eliminated. 

3. Is the software device driver non-critical? If so, then use 
only high-level languages, such as C, and reduce design 
time. 

4. Is the data rate so slow that the full processor speed isn’t 
required? Perhaps its speed can be reduced, or a less expen- 
sive processor chosen. 


Robert W. O'Dell, a senior applications engineer in the data 
communications group at Motorola, received a BSES from 
the University of South Florida, Tampa, and a MSCS from 
the University of Texas, Austin. 
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‘V HIGH-SPEED MODEMS SUIT 
PORTABLE APPLICATIONS 
Two single-chip modems offer the 
features and integration needed for 
portable applications, including 
notebook and palmtop PCs and 
PCMCIA-compatible IC cards. The 
first, the RC144DPL, is a two-wire 
14,400-bit/s device that satisfies the 
requirements of CCITT V.32bis and 


os 


V.17. The full-duplex, synchronous- 
asynchronous high-speed data-fax 
modem contains a separate voice 
pass-through mode that lets the host 
transmit and receive uncompressed 
audio signals. The second device, the 
RC96DPL, operates at 9600 bits/s. 
The modems are also available with- 
out fax capabilities. Power consump- 
tion is 400 mW in active mode and 
just 10 mW in sleep mode. 

Each device is compatible with 
Group 3 fax for high-speed opera- 
tion. A Group 8-compatible device be- 
gins operation at 9600 bits/s, then 
automatically falls back to V.27 4800- 
bit/s operation if noise exists in the 


Vv STORAGE PRODUCTS HOLD 
MORE, ACCESS FASTER 

A slew of storage products that in- 
corporate leading-edge technology, 
including disk, optical, and tape 
drives, are being offered to OEMs by 
IBM. Two 2.5-in. hard drives, at 60- 
and 120-Mbyte capacities, are just 0.5 
and 0.67 in. tall, respectively. An 80- 
Mbyte model can be used as remoy- 
able media in a 3.5-in. drive bay. 

Using a magneto-resistive (MR) 
head, the company’s 3.5-in. drive can 
hold 1.2 Gbytes of data. The drive 
employs independent elements to 
read and write data—an inductive el- 
ement to write and an MR element to 
read. Two 1.2-Gbyte drives fit into a 
5.25-in. form factor. This model will 
be available in the third quarter. 

The company has sped up its 120- 


line. Users expect a high-speed mo- 
dem to fall back to a slower mode in 
case it must communicate with a 
slower modem. The modems operate 
over the public switched telephone 
network through the appropriate 
line termination. Under control of 
the host processor, the modems can 
generate single or dual voice-band 
tones from 0 to 4800 Hz, with a reso- 
lution of 0.15 Hz and an accuracy of 
+0.01%. Tones over 3000 Hz are at- 
tenuated. With dual-tone multifre- 
quency (DTMF) tone generation, the 
devices can work as programmable 
DTMF dialers. 

Two variations are available—the 
DPL and the ACL series. The ACL 
product differs from the DPL in that 
it comes with an interface microcon- 
troller and all of the firmware that’s 
needed to form a complete two-chip 
V.32 solution. Some designers prefer 
to just purchase the data pump and 
develop their own software around 
the controller of their choice. The 
DPLseries will ship at the end of this 
month, while the ACL series should 
ship at the end of next month. The 
RC96ACL sells for $98, while its DPL 
counterpart costs $88. The 
RC144DPL is priced at $98 and the 
ACL version sells for $113. 

Rockwell International Corp. 

4311 Jamboree Rd. 

P.O. Bot C 

Newport Beach, CA 92658 

(714) 833-6849 
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Mbyte, 3.5-in. rewritable optical 
drive and is also offering a 650- 
Mbyte, 5.25-in. version. The faster 
3.5-in. drive has a data-transfer rate 
of 625 kbytes/s and a rotational 
speed of 3000 rpm. The data seek 
time has been lowered to 40 ms. 

Three models of a rack-mounted 
0.5-in. magnetic tape subsystem use 
36-track recording technology. They 
also incorporate improved data-re- 
cording capability and the enhanced 
capacity cartridge to store up to 2.4 
Gbytes per tape. When combined 
with the automatic cartridge loader, 
total unattended backup capacity 
can range from 14.4 to 28.8 Gbytes. 

IBM Corp. 

1133 Westchester Ave. 

White Plains, NY 10604 
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‘v UPGRADE 286 SYSTEM 

TO HIGH-SPEED 386SX 
The Fast Cache-SX/Plus memory- 
expansion card combines 32-bit per- 
formance with up to 16 Mbytes of 
high-speed memory on one full-size 
ISA board. It uses a 886SX micropro- 
cessor to replace the 80286 processor 
that resides within the system. A 
flexible circuit-style cable simply 
plugs into the 286 socket. Installa- 
tion kits are available for all types of 
286 sockets. In addition, a 387SX 
math coprocessor can be obtained. 
The board contains an efficient 16- 
kbyte 486-style internal four-way 
set-associative cache that results in 
zero-wait-state fetches of code and 
data. It also uses a five-deep write 
buffer to speed data transfers be- 
tween the processor and system 
memory. The board starts at $595. 

Microway Inc. 

P. O. Box 79 

Kingston, MA 02364 

(508) 746-7341 
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Vv TOUCH-SCREEN MONITOR 
FITS MULTIMEDIA BILL 
Designed for multimedia applica- 
tions, the TruePoint touch monitor is 
a low-cost, high-resolution touch- 
screen display. The package includes 
a 14-in. VGA display, a capacitiv 
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touch screen, a controller, and 
mouse emulation drivers for DOS, 
Windows, and OS/2. Two software 
tools are supplied to handle graphic 
screens and touch zones. The 640-by- 
480 monitor features a 0.39-mm dot 
pitch, a 30-MHz video bandwidth, 
and a tilt-swivel base. The TruePoint 
touch monitor, available now, sells 
for $1399. 

MicroTouch Systems Inc. 

55 Jonspin Rd. 

Wilmington, MA 01887 

(508) 694-9900 
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v ASICs RAISE LOW-END 
PRINTER PERFORMANCE 

A new release of printer-controller 
ASICs can improve the performance 
of low-end laser printers while re- 
ducing their prices. The first chip is 
the second generation of the Raster 
Image Device Accelerator (RIDA) 
family that was first introduced by 
Destiny Technology last year (ELEC- 
TRONIC DESIGN, Sept. 12, 1991, p. 
159). The family increases perfor- 
mance of font-intensive applications, 
such as desktop publishing. The lat- 
est release, the D7002, is an outline 
font accelerator for VGA or XGA 
displays that produces scalable out- 
line fonts at hardware-generated 
speeds under Windows 3.1. The chip 
is priced at $20 in production quanti- 
ties. 

Three chips that bring Edge-En- 
hancement Technology (EET) to la- 
ser printers are the D9001L, D9001B, 
and D9001H. Like the original 
D9001, the chips detect and smooth 
jagged edges of printed raster im- 
ages without any assistance from ex- 
ternal software. This results in high- 
er quality and faster output. 

The D9001L is a low-cost device 
housed in a 28-pin DIP. It runs at 50 


CONNECT LASER PRINTER 
ANYWHERE ON NETWORK 
Using the JetLAN network print 
server card, an HP LaserJet printer 
can be connected anywhere on a 
twisted-pair (10BaseT) or thin-wire 
(10Base2, coax) Ethernet local-area 
network (LAN) running NetWare. 
This means that a networked printer 
needn’t be connected to the file serv- 
er—it can be located anywhere along 
the network. The card also elimi- 
nates the dedicated PC that’s often 
connected to the networked laser 
printer. It simply slides into the Op- 
tional I/O (XIO) slot in the back of 
the printer. The JetLAN can be con- 
nected to the existing LAN cable 
with standard network connections. 
It’s built with LED indicators to sup- 
ply communication-activity informa- 
tion. The print server board sells for 

$595. 
ASP Computer Products Inc. 
160 San Gabriel Dr. 
Sunnyvale, CA 94086 
(408) 746-2965 
> CIRCLE 595 


or 55 MHz. It costs $10 to $12 and is 
available now. The D9001B is de- 
signed to accommodate resolutions 
up to 600 dots/in. and B-size (11-by- 
17-in.) paper. Samples of the $18 part 
will be available in May, with produc- 
tion starting in August. The third 
member, the D9001H, is designed for 
printer engines using a video inter- 
face operating at greater than 3 
MHz. It’s available now for $18. 

Also available is an integrated 
GUI controller called the WinStyler 
that enables users to get what-you- 
see-is-what-you-get (WYSIWYG) 
output on their laser printers. Unlike 
other GUI-based solutions, it can 
handle encapsulated PostScript files 
and Bezier curves. Where other con- 
figurations require a card that fits 
into the printer’s I/O slot, another 
card that goes into the host PC, anda 
heavy video cable, the WinStyler 
uses the standard Centronics port 
and cable. Hence, it’s an easy plug- 
and-play solution. 

Destiny Technology Corp. 

300 Montague Expwy. 

Suite 150 

Milpitas, CA 95035 

(408) 262-9400 
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‘v SUPER VGA CARD 

ACCELERATES WINDOWS 
A Super VGA card, designed to ac- 
celerate Windows performance, of- 
fers built-in features like hardware- 
assisted icon transfers and line 
draws, which is a dramatic improve- 
ment over standard VGA. The 
WIN.VGA card supports flicker- 
free 72-Hz refresh rates for all reso- 
lutions. The heart of the board is the 
company’s HT216 graphics control- 
ler. It’s designed for graphical-user- 
interface environments by coding 
source-destination raster operations 
in hardware. A memory-caching al- 
gorithm lets the CPU continuously 
process data instead of waiting for 
the completion of the write operation 
to display memory. Drivers for the 
WIN.VGA accelerator board will be 
included with Microsoft’s Windows 
3.1. 

Headland Technology Inc. 

46221 Landing Pkwy. 

Fremont, CA 94538 

(415) 623-7857 
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Where you can learn a 
little black magic. 


If you'd like to learn a few new tricks in 
analog design, check the schedule of the 
Analog Devices Advanced Linear Design 
Seminar below and then reserve your 
space by calling 1-800-ANALOGD (in 
Canada, call 617-937-1480) today. 


NORTH AMERICA 


City Date 
Cleveland, OH May 5 
Detroit, MI May 6 


Santa Clara, CA May 7 

Burlington, MA May 7 

Pleasanton, CA May 8 

Milwaukee, WI May 11 
San Diego, CA May 11 
Chicago, IL May 12 
Irvine, CA May 12 
Houston, TX May 13 
Woodland Hills, CA May 13 
Dallas, TX May 14 
Phoenix, AZ May 14 
Dayton, OH May 15 
Denver, CO May 15 
Minneapolis, MN May 18 
Huntsville, AL May 18 
Waterbury, CT May 19 
Atlanta, GA May 19 
Whippany, NJ May 20 
Tampa, FL May 20 
Smithtown, NY May 21 
Orlando, FL May 21 
Santa Clara, CA May 27 
Rochester, NY May 27 
Beaverton,OR May 28 
Toronto, Can May 28 
Bellevue, WA May 29 
Montreal, Can May 29 
Waltham, MA June 1 
Raleigh, NC June 2 
Ft. Washington, PA June 3 
Baltimore, MD June 4 
McLean, VA June 5 


EUROPE 
City Date 


Copenhagen, Denmark May 4 
Berlin, Germany May 5 
Wiesbaden, Germany May 6 
Hamburg, Germany May 7 
Miinchen, Germany May 8 
Vienna, Austria May 11 
Ziirich, Switzerland May 12 
Lyon, France May 13 
Paris, France May 14 
London, England May 15 
Edinburgh, Scotland May 18 
Eindhoven, Netherlands May 19 
Stockholm, Sweden May 20 
Rome, Italy May 21 
Milan, Italy May 22 


Far East and Japan seminars to be held in 
June. Please call 1-617-937-1430 for 


schedule. 
ANALOG 
DEVICES 
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If you've always thought linear design involved a little 
black magic, here's where you can learn a few of the tricks. 


If you’re one of the few engineers who realizes the world of analog design isn’t all that mysterious, 
you'll appreciate our Advanced Linear Design Seminar. Because it’s the perfect opportunity to pick up 
a few new tricks. 

Hosted by Analog Devices, one of the leading suppliers of analog and mixed-signal ICs, and its distribu- 
tors, the seminar series will include talks by prominent design wizards such as Derek Bowers, Paul Brokaw, 
Lou Counts, Barrie Gilbert, Walt Jung, and others. 

The full-day tutorials also include solutions-oriented discussions that are geared towards showing 
you how to increase system performance while actually lowering overall cost. Plus you'll get free product 
samples, our 700-page Amplifier Applications Guide, other technical reference materials, and more. 

Admission to the seminar is just $20, and it includes everything above, lunch, and refreshments. 

So if you’re a design wizard who wants to add to your repertoire of linear design tricks, it’s no secret 
what you should do — call 1-800-ANALOGD (in Canada, call 617-937-1430) and ANALOG 
reserve a seat today. Before they all disappear. DEVICES 


The Analog Devices Advanced Linear Design Seminar. 


Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices, applications support and distribution available worldwide. 
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¥v SCSI-I1 RAM DRIVE 
BOOSTS TRANSFER RATE 

Depending on the host SCSI control- 
ler and operating system, the SCSI- 
II Dart delivers sustained data- 
transfer rates up to a maximum of 
12.16 Mbits/s. Access times can be as 
low as 0.5 ms. 


The drive offers 512 Mbytes of vir- 
tual memory, enabling DOS- and 
Windows-based graphics and imag- 
ing applications to work with large 
24-bit images without any perfor- 
mance degradation. The RAM drive, 
which is configured with 32 sockets 
to hold conventional 1-, 4-, and 16- 
Mbyte SIMMs, will eventually move 
to 64-Mbyte parts. Two side-by-side 
modules could even have different 
capacities. 

Newer Technology 

7803 E. Osie, Suite 105 

Wichita, KA 62707 

(316) 685-4904 
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‘V PROGRAMMING ADAPTER 

SUPPORTS PCMCIA CARDS 
A universal adapter enables existing 
32-pin equipment to program flash, 
EPROM, one-time-programmable, 
and static-RAM memory cards. The 
programming adapter supports 
PCMCIA/JEIDA memory-card for- 
mats. The adapter features user-se- 
lectable programming of either 128- 
or 256-kbyte page sizes and LEDs to 
supply write-protect and battery sta- 
tus. 

MADS Ine. 

94 Lesnyk Rd. 

Goffstown, NH 03045 

(603) 497-3290 
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v PCL5 LASER PRINTER 

PUMPS OUT 8 PPM 
Featuring a 32-bit RISC processor 
and high-speed output, the CI-8E 
desktop laser printer is compatible 
with HP’s LaserJet Series III and its 
PCL 5. The 8-page/min. (ppm), 300 
dots/in. speed and quality suit it for 
most business applications. The 
printer also comes with edge-en- 
hancement technology (EET) that 
eliminates jagged edges on text and 
graphics to create crisp, clear lines 
and curves. Eight scalable and 14 bit- 
mapped fonts are built in. Up to 5 
Mbytes of memory can be used in 1- 
or 2-Mbyte increments. The straight- 
through paper path handles labels, 
transparencies, and envelopes. The 
CI-8E is available now for $1695. 

C-Tech Electronics Inc. 

2515 McCabe Way 

P. O. Box 19673 

Irvine, CA 92713 

(714) 833-1165 
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v TRUE-COLOR SUBSYSTEM 
FITS ISA, EISA, VME 
Designed for ISA, EISA, and VME- 
bus environments, the ITC-1210 
true-color display subsystem is built 
with the Texas Instruments 


structions are handled by the graph- 
ics processor, freeing up the host 
CPU for other tasks. The 24-bit 
board comes standard with 6 Mbytes 
of high-speed, dual-ported VRAM 
for main image storage and display 
and 1 Mbyte of overlay memory. It 
permits simultaneous display of ap- 
plications, such as Windows, Auto- 
CAD, and other custom applications 
in the overlay plane. The ITC-1210 is 
suitable for remote sensing, radar 
displays, electronic pre-press, and 
animation. Prices start at $5995. 

Imagraph Corp. 

11 Elizabeth Dr. 

Chelmsford, MA 01824 

(508) 256-4624 
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PC DESIGN PRODUCTS 


Experience the low 
cost convenience of 
instantly making your 
own PCB prototypes. 
Here's why an LPKF 
system makes sense: 


@ Reduces turnaround time 
from weeks to hours. 


© You keep control over the 
design implementation. 


¢ Environmentally safe - no 
toxic chemicals. 


* Precision German engineering. 
* Complete customer support. 


* Takes your production ready 
CAD files and produces 
circuit board prototypes. 


* Supports fine line technology 
and surface-mounted 
components. 


¢ Fast payback - typically 
3-12 months. 


¢ Used worldwide...from small 
companies to Apple, BMW, 
Boeing, HP and Tektronix. 


FREE PCB INFO PACK... 


CALL TODAY 
1-800-345-LPKF 
(1-800-345-5753) 
or FAX request to: 
1-503-645-0403 


LPOG canicav 
SYSTEMS, INC. 


1800 NW 169TH PLACE, BEAVERTON, OR 97006 
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PC DESIGN PRODUCTS 


v PORTABLE 2.5-IN. HARD 
DRIVE HOLDS 360 MBYTES 
Users can now take their work with 
them wherever they go without 
dragging along a complete system. 
A 2-1/2-in. portable IDE hard drive 
can hold up to 360 Mbytes of data and 
plugs into any PC’s parallel port. The 


pee ret 


drives weigh just 1-1/2 lbs. and mea- 
sure 5 by 5 by 1-1/2 in. They feature 
22-ms access times and data-transfer 
times ranging from 4 to 6 Mbytes/ 
min. Prices range from $499 for a 40- 
Mbyte model to $1999 for the 360- 
Mbyte drive. 

Parallel Peripherals 

Technology Inc. 

260 W. Arrow Hwy. 

San Dimas, CA 91773 

(714) 394-7244 
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‘v MODEM, FAX INTERFACE 
FITS IN TINY PACKAGE 


es 1 
Low Profile 
International 
Referred to as a data-access ar- 
rangement, the CH1834 is an inter- 
nationally approved telephone line 
interface that fits in a 26-by-60-by-9- 
mm package. The part links modem 
and facsimile chips to the telephone 
line to protect the line from unwant- 
ed power surges. It employs a propri- 
etary solid-state transformer to re- 
duce size and weight. The CH1834 
contains isolation and surge protec- 
tion, ring detection, and a two-to- 
four-wire converter. It can be used 
with modems ranging up to V.32bis 
and fax applications to V.17. 
Cermetek Microelectronics Inc. 
1308 Borregas Ave. 
Sunnyvale, CA 94088 
(408) 752-5000 
> CIRCLE 602 
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‘V LOCAL-BUS VGA CHIP 
SUPPORTS 24-BIT COLOR 

By employing a local-bus-type inter- 
face to the host CPU, the 
TVGA8900CX gives designers a 
fast-responding graphics controller 
that can support 24-bit true-color 
modes at 640-by-480-pixels. In addi- 
tion, the Trident chip can also control 
256-color screens at resolutions 
ranging from 640-by-480 to 1024-by- 
768 pixels (either interlaced or non- 
interlaced). A 1280-by-1024 mode 
with 256 colors using interlaced mon- 
itors or 16 colors with noninterlaced 
monitors provides top resolution. To 
deliver the pixels, the chip employs a 
dot-clock of 108 MHz. That rate also 
supports the VESA (Video Electron- 
ics Standards Association) 70-Hz re- 
fresh standard. 

The chip achieves zero-wait-state 
performance with the host CPU 
thanks to an on-chip command FIFO 
register. That register maximizes 
the bus transfer speeds for applica- 
tions like Windows or AutoCAD, be- 
cause such applications write direct- 
ly to the video memory. Other en- 
hancements include the using the 
fast local-bus interface, which em- 
ploys a 50-MHz DRAM clock, to 


YW 65.5-MBYTE, 2.5-IN. DRIVE 

STANDS JUST 12.5 MM HIGH 
The latest in a line of 2-1/2-in. hard 
drives combines advanced durabil- 
ity, reliability, power management, 
and reduced form factor. Seagate’s 
ST9080A holds 65.5 Mbytes of data in 
a 12.5-mm high package. The compa- 
ny says that this is the lowest-profile 
platform currently available. The 
4.8-oz. drive features a 16-ms aver- 
age seek time, a standard PC/AT in- 
terface, an MTBF of 150,000 hours, 
and can withstand a nonoperating 
shock of 150 Gs. The power-manage- 
ment features support active, idle, 
standby, and sleep modes. High data 
integrity is achieved through 88-bit 
on-the-fly error-correction code. The 
ST9080A disk drive is priced at $395. 
Evaluation units are available now, 
with production starting in the third 
quarter. 

Seagate Technology Inc. 

920 Dise Drive 

Scotts Valley, CA 95066 

(408) 438-6550 
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pump data from fast-page-mode 
DRAMs. Furthermore, the control- 
ler has a 2-Mbyte linear address 
space that eliminates overheads im- 
posed by the bank-switching 
schemes used by most other high- 
resolution drivers. 

The TVGA8900CX can also take 
advantage of Trident’s library of 
high-resolution drivers that were 
created for previous graphic control- 
lers (the 8900C and 9000). Drivers 
support a wide variety of application 
packages as well as the Analog De- 
vices CEG RAMDAC and the Sierra 
HiColor RAMDAC. 

DRAMs with word widths of 4, 8, 
or 16 bits can be used by the control- 
ler. The device includes programma- 
ble timing so that the memory inter- 
face can be optimized. Automatic 
monitor detection, memory detec- 
tion, and data bus transceivers are 
also incorporated in the 160-lead 
PQFP-housed TVGA8900CX. In lots 
of 1000, the chip sells for $20 apiece. 
Samples are available from stock. 

Trident Microsystems Inc. 

205 Ravendale Dr. 

Mountain View, CA 94043 

(415) 691-9211 
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v TINY MODEM FITS 

PORTABLE APPLICATIONS 
A fax-data modem that’s designed 
for portable and pen-based systems 
can send and receive data at 2400 
bits/s and facsimiles at 9600 bits/s. 
The 2-by-1-in. modem’s power-down 
mode can be implemented to extend a 
portable system’s battery life. The 
module, which weighs just 1.5-oz., 
uses surface-mounting technology 
to increase reliability. It also makes 
the part easy to integrate onto a 
motherboard. The modem imple- 
ments CCITT V.22bis data-correc- 
tion and V.42 error-correction tech- 
nology. Housed in a 40-pin DIP, the 
part operates on a single 5-V supply 
with less than a 200-mA operating 
current. In power-down mode, the 
modem draws just 1 mA. 

Micro Integrated 

Communications Corp. 

3255 Scott Blvd. 

Bldg. #3, Suite 102 

Santa Clara, CA 95054 

(408) 980-9565 
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PC DESIGN PRODUCTS 


W KIT HELPS DESIGN 
PORTABLE 386SX SYSTEMS 

The ESP 386SX development and 
evaluation kit gives designers the op- 
portunity to develop full PC/AT- 
compatible systems in packages 
measuring 5.3 by 4.1 by 2 in. The sys- 
tem’s small size tailors it to medical 
devices, portable communications, 
and field test equipment. Combining 
ESP’s small form factor with the use 
of standard ISA bus signals makes it 
suitable for embedded control and 
motherboard markets. 

ESP was designed for upgradabi- 
lity due to its modularity. The back- 
plane can be modified to conform to 
the existing space. The kit comes 
with a 386SX processor running at 
16, 20, or 25 MHz; a super-VGA driv- 
er that supports liquid-crystal dis- 
plays and monitors; floppy- and 
hard-drive controllers; and up to 20 
Mbytes of RAM. Optional modules 
include analog-to-digital and digital- 
to-analog converters, a network or 
SCSI interface, and a modem. 

Dover Electronics 

P. O. Box 1532 

Longmont, CO 80502 

(303) 772-5933 
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v GRAPHICS CARD 
DOUBLES PERFORMANCE 

Delivering twice the performance as 
its predecessor at 40% of the price, 
the Spectrum/24 PDQ Plus graphics 
card runs on Macintosh NuBus sys- 
tems. The accelerated, 24-bit card in- 
cludes SuperVideo, a powerful dis- 
play-management utility; and Super- 
Match, a color-fidelity solution to en- 
sure that on-screen colors match the 
printer’s output. In addition, a digi- 
tal-frequency synthesizer eliminates 
the need for oscillators. The card 
adds functionality for color desktop- 
publishing, illustration, design, lay- 
out, and photo-retouching applica- 
tions. It supports NTSC RGB and 
PAL RGB displays and NuBus block- 
mode transfer in slave mode. Dis- 
plays up to 21 in. can be accommodat- 
ed with resolutions to 1152 by 870 
pixels. Available now, the Spectrum/ 
24 PDQ Plus sells for $2399. 

SuperMac Technology 

485 Potrero Ave. 

Sunnyvale, CA 94086 

(408) 245-2202 
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Low-cost, 
PC-Based SCSI-2 
Testers 


For all 
SCSI devices, 

with solutions 

for every testing 
situation — design 
through manufacturing to field service. 


I-TECH’S new SCSI-2 Fast Testers, the first of their 
kind in the marketplace, transfer data at 10 MBytes/ 
second. In addition, they feature: 


¢ SCSI-2 Command Queuing 

e SCSI-2 Message System Support 

* High-level Multi-threading Support 
¢ Initiator and Target Emulation 


We offer complete development systems, low-cost 
manufacturing platforms and portable turn-key 
systems, all available with integrated bus analysis. 


Ask us about SCSI-2 Solutions. We'll be happy to 
give you the details. For Information or prompt 
quotation call, write or FAX us. 


mal i 


6975 Washington Ave. So. ¢ Suite 220 * Edina, MN 55439 


612/941-5905 * FAX 612/941-2386 
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2 time with MAX’s PC-based development kit, which enables 
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If you want PLD design convenience with Catch the entire MAX family of 28-, 44- 68- and 84-pin 
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PRODUCT INNOVATION 


CMOS Op Amps Not ONLY SWING THEIR OUTPUTS 
To BoTH RAILS, BUT ALSO HANDLE+ AND - 
COMMON-MODE INPUT VOLTAGES BEYOND THEM. 


RAIL-T0-RAIL OP AMPS USE 
DEPLETION-MODE PMOSFETS 


FRANK GOODENOUGH 


he growing demand 
that analog and 
mixed-signal sys- 
tems operate from a 
single, positive, sub- 
15-V power-supply 
rail has brought 
about a new breed of 
op amps specifically designed for 
those conditions. These op amps 
must handle common-mode voltages 
(CMVs) at the input that exceed the 
positive power-supply rail and/or 
swing below the negative power- 
supply rail. Just as important, their 
outputs must be able to swing within 
a few tens of millivolts of both the 
ground potential and the positive 


power-suply rail while driving a 
practical load (less than 100 kQ). 

System designers need more than 
a universal device, like the ubiqui- 
tous 741 op amp—they want an op- 
amp family that includes general- 
purpose, micropower, precision, and 
even precision-micropower and high- 
speed devices. Pushed for pe-board 
space, today’s designers also de- 
mand dual and quad op amp ICs. 

To meet these demands, National 
Semiconductor is adding four new op 
amps to its family of CMOS op amps: 
the dual/quad LMC6482/84, the dual 
LMC6062, and the dual LMC6082. 
These devices represent the third 
generation of CMOS op amp circuit 


input transistor pair M, and M, in the LMC6482 CMOS op amp, the op amp can handle input 


@ 1. BY USING DEPLETION-MODE p-channel MOSFETs for the differential- 


common-mode voltages that exceed both supply rails. 
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designs. The LMC6482/84 addresses 
both input-CMV range and output- 
swing demands, while the LMC6062 
and 6082 only address output-swing 
demands. The 6082 adds precision to 
the mix, while the 6062 combines pre- 
cision performance with a quiescent 
current of less than 19 pA/op amp 
(see the table). 

While over a dozen IC op amps are 
available with outputs that can 
swing close to the power-supply 
rails, the LMC6482/84 is one of the 
few that can also handle common- 
mode voltages that exceed both pow- 
er-supply rails (FELECTRONIC DE- 
SIGN, June 13, 1991, p. 135).To do the 
job, National’s IC designers took ad- 
vantage of a unique, depletion-mode, 
p-channel MOSFET for the pair of 
transistors—FETs M, and M,— 
forming the differential-pair input 
circuit (Fig. 1). 

To handle input CMVs beyond the 
power-supply rails, existing op amps 
have used two differential stages 
with their inputs connected in paral- 
lel and their outputs in a push-pull 
configuration. One differential pair 
is built of p-type transistors and the 
other of n-type transistors (both bi- 
polar and CMOS op amps have used 
the architecture). This topology suf- 


RAIL-TO-RAIL 
OP AMPS 


fers from several 
problems including 
noise, offset-volt- 
age change with 
CMV, cross-over 
distortion and gain 
variation. 


Low Power 
The demand for 
op amps that run 
off single- and low- 
voltage power-sup- 
ply rails was driven 
by the need for cir- 
cuit simplicity and 
the desire to save 
power. Designers 
want both the ana- 
log and the digital 
circuits in mixed- 
signal systems to 
run off a single 5-V 
logic supply—an in- 
dustry standard that’s rapidly drop- 
ping. And more and more systems 
are running off batteries. In laptop 
and notebook PCs, cameras, cam- 
corders, and laboratory and medical 
instruments, low-voltage power-sup- 
ply-rail operation is a must to save 
power and often to permit operation 


A2 


Vouy (+10) 


2v 


directly from battery-voltage levels 


NATIONAL SEMICONDUCTOR'S CMOS OP AMPS 


Package type 


1 = all voltage swings with 100-k2 load 
2 = all voltage swings with 25-kQ load 
3 = CMRR > 60 dB 

4 = Voy = 0to12V 


| 128 Bo 


8-pin DIP/SOIC 
14-pin DIP/SOIC 


Specifications are at 25°C and are minimums or maximums unless labeled typical (t). NS = not specified 


8-pin DIP/SOIC 
14-pin DIP/SOIC 


Ae RTRSY 


14-pin DIP/SOIC 


LMC6482 a 


Vout (OV) 


2u yen | 100as 


‘ STRRETS 


Vertical scale = 2 V/ div. 


2. WHEN A 12-V PK-PK SINE WAVE is applied 
to the LMC6482 op amp, the output is clipped cleanly at the 0- 
and + 10-V rails. The op amp runs off a single + 10-V supply 

and is connected as a unity-gain follower. 


as low as8 V. 

To retain even a smidgen of the 
120-or-so-dB dynamic range former- 
ly possible when +15-V power-sup- 
ply rails were once used, analog de- 
signers need op amps as such these 
new National ones with power-sup- 
ply rail-to-rail input and output cir- 
cuits. For years, analog designers 

grew used to run- 
ning off =£15-V 


Specification LMc6482/84 LMc6082 LMC6062 power-supply rails, 
5 which provided 
Output-voltage swing 
(with load connected to +10-V full-scale 
supply voltage + 2), V output signals. 
With 2-k2 load and 15-V/5-V/3-V supply 0.3 to 14.6/0.1 to 4.87/NS 0.5 to 14.3/0.2 to 4.7/NS 0.04 to 14.96/0.02 to 4.98/NS' Most . 
With 600-2 load and 15-V/5-V/3-V 0.8 to 1.9/0.3 to 1.3 to 12.9/ 0.5 to 4.3/NS 0.15 to 14,85/0.04 to MLOSt Op amps €asi- 
supply 4.61/0.32 to 2.65 4.97/NS? ly put more than 
Common-mode-voltage range, dB 0.2toV*+ +0.2/ 0.1 toV* -2.5/ -0.1 to V+ -2.3/ +10 V across 2000 
At 15-V/5-V/3-V supply, -0.2t0V* +0.2/ -0.1toV* -2.5/ -0.1 to V* -2.3/ 9, and typically 
for CMRR >.50 dB -0.1toV+ +0.1 NS$ NS? these bipolar de- 
Common-mode rejection ratio (CMRR), dB vices offered input- 
At 15-V/3-V supply 85/NS 75/NS* 75/NS* voltage noise below 
Offset voltage, mV 500 350 350 10nV per V Hz, and 
Offset-voltage drift, V/°C 2 1(t) 1(t) many had offset 
Slew rate, V/s 12 12 0.02 voltages below 500 
Unity-gain bandwidth, MHz 13 13(t) 0.1 (t ei ales 9 
= : : : ae plications, it was 
Quiescent current per op amp, nA us 
At 15-V/5-V/3-V supply 625/500/375 850/750/NS 23.5/19/NS sually easy to 


keep CMVs inside 
the power-supply 
rail—and with 
+10-V signals and 
+15-V power-sup- 
ply rails, the output 


8-pin DIP/SOIC 
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THERE’S ONE SURE WAY To 
MAKE THE POWER OF DIGITIZING 
OSCILLOSCOPES MORE ACCESSIBLE. 


GET IN OUR 


Tektronix TDS 640 ines 
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A great face can open a lot of doors. Ours will take you into a world of digital oscil- 
loscope technology that until now has existed only in the maddening pages of some 
instruction manual. You'll find this face on every TDS scope we make. Intuitive, 
affordable scopes so easy to use, you'll feel like a digital expert whatever your back- 
ground. Tektronix. When it comes to digital scopes, we've put on a whole new face. 


Now all you have to do is get in it. 


Tektronix 


rest and Measurement 


GO AHEAD. PULL THE TRIGGER ON 


THE LITTLE RUNT. 


Our new TDS 620 and TDS 640 digital oscilloscopes make triggering so easy, it's just like target practice. 


See, with an extraordinary sampling rate of Z GS per second on all 4 channels at once, you can get a 


precisely detailed look at what you're aiming at. And with the ingenious TDS user interface and application- 
specific icons, you can now quickly access nearly a dozen extended trigger functions, including runt, logic 
and glitch. Better still, either model is available for a price noticeably lower than any competitive scope. 
The undeniably accurate, remarkably affordable, intuitively fata LOO 600 Series digital 


scopes from Tektronix. Without a doubt, they'll make your day. TALK TO TEK/1-800-426-2200 EXT. TDS7 


Tektronix 


Test and Measurement 


FACE IT. WITH TODAY’S FASTER SYSTEMS, YOU'VE GOT A 
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FOR ERROR. And that's exactly why we built the TDS 


820. The digital oscilloscope that's accurate to within 2 DS 


| 
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and provides time resolution in femtoseconds. In fact, at 0.40 ps 
with a 6 GHz bandwidth, now even the narrowest timing 
margin is nothing to be afraid of. Combine that with the intuitive 
TDS user interface, and applications like device characterization 
require nothing more than the push of a button. Better still, there 
is another aspect of the TS 820 that, upon compari- 
son with any so-called competitive scope, will ease your toughest 


margin of all: The price tag. TALK TO TEK/1-800-426-2200 EXT. 1057 


Tektronix 


Test and Measurement 


BESIDES EASE OF USE, 
WE ALSO CONSIDERED 
SUITABLE FRAMING. 


At Tektronix, we designed our TDS Series user interface to be the picture of simplicity. Then, because 


everybody's needs are different, we framed it seven different ways. For instance, besides the TDS 620, 
640 and 820, we also build the TDS 420, 460, 520 and 540. 


On the 2 channel TDS 520 and 4 channel 540, you 


get 500 MHz bandwidth and up to 50k record lengths. A single-channel sampling rate of | GS/sec on the 


dbbes 540 and 500 MS/sec on the 520—combined with edge, pattern, state, glitch, runt & pulse 
width triggering—greatly simplifies debugging and fault isolation. What's more, both feature built-in 
FFT analysis. Or, for a more economical solution, take a look at the 


TDS A?0 and TDS 460 First off, they provide up to 


350 MHz across 4 channels, at a cost usually found on 2 channel scopes. They provide video triggering, 


a 30,000 record length, and a sampling rate of 100 MS/sec. And both feature 5 different acquisition 
modes: sample, peak detect, high-resolution, envelope, and average. All of which you'll find amazingly 
accessible thanks to the ingenious TDS user interface. The TDS Series of digital oscilloscopes from 


Tektronix. For more information, don't hesitate. Get in our face. TALK T0 TEK/1-800-426-2200 EXT. T0S7 


Tektronix 
rest and Measurement 
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swing even close to either power- 
supply rail. 

However, most of today’s single- 
power-supply op amps are different 
animals. Many, like National’s, are 
CMOS. Although they simplify pow- 
er-supply rail-to-rail output swings, 
they can’t touch bipolar devices on 
input-voltage noise. In addition, per- 
formance—particularly speed/ 
bandwidth and common-mode rejec- 
tion ratio (CMRR)—drops with sup- 
ply voltage. Thus, to maximize dy- 
namic range (the difference between 
the maximum signal and the noise 
floor) and signal-to-noise ratio 
(SNR), IC designers are developing 
op amps to swing as close to the pow- 
er-supply rail as possible. Moreover, 
data sheets are specifying multiple 
power-supply voltages. 

For example, the basic specifica- 
tions for all four new op amps are 
written around a +5-V power-supply 
rail. In addition, CMRR, CMV range, 
output swing, and quiescent current 
of the LMC6482/84, are also speci- 
fied running off a +3-V power-sup- 
ply rail (see the table, again)—some 
data is also given running off 15 V. 

An unbelievably low typical bias 
current of 10 fA represents one fea- 
ture common to all members of the 
new CMOS op-amp family: It is a typ- 
ical specification because it can’t be 
measured “‘economically” in produc- 
tion quantities. Guaranteed specifi- 
cations drop as low as 4 pA, however 
that’s at a temperature of 85°C. Be- 
cause bias current is halved for ev- 
ery 10°C drop in temperature, bias 
current should be less than 0.07 pA 
at 25°C. And current noise becomes 
truly unmeasurable, albeit a typical 
value of 0.0002 pA/V Hz. 

All four of these ICs offer low qui- 
escent currents. Quiescent current 
of the dual LMC6062 is a maximum 
of just 19 wA per opamp running ona 
+5-V power-rail, and is less than 24 
pA per op amp on a +15-V power- 
supply rail. Running off either +5- or 
+15-V power-supply rails, the 
LMC6082 needs less than 850 wA/op 
amp. Running off +3-, +5-, and +15- 
V power-supply rails, the LMC6482/ 
84 typically needs 416, 500, and 625 
yA per op amp, respectively. Also 
note that these are true op amps with 
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RAIL-TO-RAIL 
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typical open-loop gains of more than 
100 dB while driving loads of 2000 9, 
and somewhat less while driving 
loads of 600 9. And all but the 
LMC6062 can drive loads of 2 kO to 
within a few 100 mV of both power- 
supply rails while running offa+5-V 
power supply, and within about a 
volt of both power-supply rails when 
using a +15-V power supply. In addi- 
tion, the LMC6482/84 can all drive 
500-pF loads, at a closed-loop gain of 
unity, without oscillating. 

A good low-voltage single-power- 
supply application for the LMC6484 
might be to form the heart of a micro- 
power data-acquisition system run- 
ning off a +3-V battery. Two of the 
LMC6484’s four op amps can form a 
very high-input-impedance instru- 
mentation amplifier to monitor a 
low-level sensor such as a strain 
gage excited by the power supply. 
The instrumentation-amplifier’s out- 
put drives a third op amp, which acts 
as the input stage of a sample-and- 
hold amplifier, whose output can 
easily charge a hold capacitor with a 
value of up to 100 pF. The IC’s fourth 
op amp buffers the charge on the 
hold capacitor, taking full advantage 
of the device’s low bias current. Each 
op amp’s low output impedance is 
ideal for driving an analog-to-digital 
converter. 

The silicon-MOSFET world is 
largely dominated by enhancement- 
mode transistors, devices whose 
gates must be brought positive with 
respect to the source to turn them on. 
However, depletion-mode n-channel 
devices whose gates, like the grids of 
vacuum tubes, must be brought to a 
potential negative with respect to 
their sources to turn them off, can be 
used to do some interesting tricks, 
like the depletion-mode devices in the 
LMC6482/84 (Fig. 1, again). The 
pair operates as depletion-mode 
FETs for signals close to the plus 
power-supply rail, and as enhance- 
ment-mode FETs for signals close to 
the minus power-supply rail. This so- 
called soft-depletion, p-channel FET 
was developed by National Semicon- 
ductor’s process engineers especial- 
ly for the company’s double-polysili- 
con analog CMOS process, on which 
all their CMOS op amps are made. 
DEB So DG 
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A folded-cascode circuit consist- 
ing of FETs My and M, was chosen 
for the second section of the input 
stage (Fig. 1, again). It provides sim- 
ple level shifting and the near power- 
supply rail-to-rail biasing required 
by the first section of the circuit. The 
output stage consists of two large 
complementary, common-source 
connected, n- and p-channel FETs 
driven in a push-pull manner. Output 
swing is limited by the transistor’s 
transconductance and the minimum 
load resistance. 

An oscilloscope trace represents 
the best indication of the ability of 
the LMC6482/6484 to handle CMVs 
beyond the op-amp’s power-supply 
rails (Fig. 2). The op amp is connect- 
ed as a unity-gain follower and runs 
off a single +10-V power supply. A 
sine wave whose peaks swing from — 
1 to +11 V is applied to the input and 
the output clips cleanly at 0 and +10 
V. The smooth transitions in the out- 
put, shown coming off the power- 
supply rails, indicate that when over- 
driven, the op amp recovers quickly 
without any aberrations in the wave- 
form. That is, the output waveform 
can be laid over the input waveform, 
both of which coincide over the com- 
plete linear operating range of the 
device from ground to the +10-V 
power-supply rail. 

PRICE AND AVAILABILITY 

The LMC6062, LMC6082, LMC6482, and 
LMC6484 are rated for operation from — 
40°C to +8F¥C and for the military-temper- 
ature range. In quantities of 100, pricing 
ranges from $1.70 to $7.60 each for the 
LMC6062, and $1.60 to $7.50 each for the 
LMC6082, depending on temperature ver- 
sion and package type. In the same quanti- 
ties, the LMC6482 is priced at $1.65 and 
$3.30 each for industrial- and military- 
temperature-range versions, respectively; 
the LMC6484 is priced at $2.40 and $4.94 
each for industrial- and military-temper- 
ature-range versions, respectively. Sam- 
ples of the LMC6482/84 are available now 
and full production will start by June. 

National Semiconductor Corp., 2900 
Semiconductor Dr., Santa Clara, CA 
95052-8090; Bettina Briz, (408) 721-2274. 
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Local Resources Speed 
ASIC Design Cycle 


asy access to ASIC support means 


fast design cycles—and fast time to 
market. Oki’s East and West Coast 
design centers offer the local, com 
prehensive ASIC resources you 
need for quick turnaround times 
With Oki, you work in a user 
friendly environment equipped 
with state-of-the-art workstations, 
industry-standard CAD tools, 
advanced software support, and 
an experienced staff. We provide 
leading-edge 0.8um sea-of-gate, 
standard cell, and 3-volt technol- 
ogy. Plus we assign a task team to Cadence 
your project, ensuring a steady e oe 0 
communications link and a : Mentor Graphic 
speedy, successful design flow oe 
For easy access to complete, VIEWLogic 
local ASIC design support, call re eo 


1-800-OKI-6388 today. To receive Synopsys IKOS 


Oki’s ASIC Capabilities Brochure, —_— = 


ask for Package 057 


Clock Tree Valid 


Oki ASIC Design Tool Support for 0.8pm, 1.0m, & 1.2pm 
Timing DAZIX 


Vendor Platform Operating System/Application 

Cadence  Sun/Solbourne Verilog: Simulation, fault grading, design verification 

DAZIX Sun : Design capture, simulation Power 
IKOS IKOS Simulation, fault grading 

Mentor HP/Apollo Design capture, simulation 


Graphics — Sun/Solbourne Parade: Layout, clock and timing structures 


Synopsys Sun-4 Design synthesis, test synthesis 
Interface to Mentor, Valid, Viewlogic 


Valid Sun/Solbourne Design capture, simulation 
DECstation 3100 Design check 
IBM RS6000 GED, ValidSIM, RapidSIM 


VIEWIogic Sun-4 Design capture, simulation 
PC386 Design check 


All brands, product names, and company names 
are trademarks or registered trademarks of their 
respective owners 


Semiconductor 


785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
800-OKI-6388 
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HARDWARE EMULATOR SUPPORTS 
ALL TYPES OF DESIGN STYLES 


ynchronous, nonsynchronous, 

and asynchronous designs are 

all supported in RPMplus, 
Quickturn’s fourth-generation hard- 
ware-emulation system. The product is 
based on a technology the company 
calls Precision Emulation, which helps 
automate design-mapping. Precision 
Emulation technology works through 
the Precision-Prototype-Synthesis and 
Timing-Sensitive-Partitioning algo- 
rithms. These algorithms enable users 
to precisely control emulation timing to 
deal with the asynchronous portions of 
designs. 

Engineers can use RPMplus to emu- 
late designs of up to 50,000 gates. If 
more gates are needed, RPMplus is 
compatible with Quickturn’s mRPM 
products that emulate up to 1 million 
gates. In addition, new CAE interfaces 
let users automatically transfer data 
from Mentor Graphics and Verilog da- 
tabases to the RPMplus emulator. This 
eliminates the need to use ASIC-ven- 
dors tools to generate an emulation net 


list for each design change. 

The tight integration with the Men- 
tor and Verilog simulation environ- 
ments makes it easier to use hardware 
emulation for accelerating functional 
verification before in-circuit emulation. 
Users can apply simulation test vectors 
and compare results without leaving 
their familiar simulation environment. 
In the Verilog environment, the portion 
of the design configured in the 
RPMplus can be cosimulated with the 
rest of the design being simulated in 
software. Consequently, system vali- 
dation can take place at the software 
level before users create a hardware 
prototype for in-circuit emulation. 

RPMplus runs under X-Windows 
and can be used in existing HP/ Apollo, 
IBM, and Sun environments. Produc- 
tion shipments begin this month. The 
base price for the RPMplus 50,000-gate 
system is $175,000. 

Quickturn Systems Inc., 325 E. 
Middlefield Rd., Mountain View, 
CA 94043; (415) 967-3300. 
M@ LISA MALINIAK 


VHDL SIMULATOR RUNS 
FASTER WITH LESS MEMORY 


eatures of Version 4.0 of the 

VantageSpreadsheet VHDL 

simulation system include fast- 
er compiler speed, a 50% reduction in 
memory requirements, and a C inter- 
face to other design tools. Also new is a 
code-coverage tool that grades test 
stimulus, the Concurrent Compiler for 
distributed VHDL-code compilation, 
and a new back-annotation tool called 
the Generic Loader. 

Version 4.0 is twice as fast as the pre- 
vious version of Vantage’s simulation 
tools for simulating and compiling at 
the gate level. For complex behavioral 
models, simulation and compilation are 
improved by up to a factor of five. 

A new code-coverage tool is essen- 
tially a VHDL equivalent of the toggle- 
test found in older simulators, which 
helps engineers grade test stimulus by 
checking that each source path in the 
code was exercised. It improves model 
| testing by counting the number of 
times each line of code is executed, and 
also counting the number of events on 
each signal. 


A major enhancement for VantageS- 
preadsheet is the Concurrent Compiler, 
a parallel version of Vantage’s VHDL 
compiler that distributes compilation 
tasks across an HP or Sun network us- 
ing an intelligent partitioning system. 
The compiler system has robust error- 
recovery capabilities, including the 
ability to retarget faults automatically 
if a network or machine problem oc- 
curs. Compiling portions of a job in par- 
allel can reduce overall project compila- 
tion time by a factor of ten or more. 

The Generic Loader loads generic 
timing information from a test file at a 
rate of 100,000 parameters/min. In ad- 
dition, the simulators don’t have to stop 
to complete the loading of a new gener- 
ic set, which allows users to quickly 
switch from best, worst, or nominal 
conditions. Pricing for VantageSpread- 
sheet 4.0, which runs on Unix worksta- 
tions, starts at $44,000 per copy. 

Vantage Analysis Systems Inc., 
42808 Christy St., Suite 200, Fre- 


mont, CA 94538; (510) 659- 
0901. 
@ LISA MALINIAK 
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PCB TOOL CALCULATES 
MANUFACTURABILITY 


PCB Design for Assembly, a PC-based 
software tool, analyzes the cost of pe- 
board component assembly, and pro- 
vides indices reflecting the manufac- 
turability of the board. The tool re- 
duces design-cycle time and cost-to- 
manufacture by enabling users to 


jh a 


A 


generate manufacturable design alter- 
natives in minutes. Jointly developed 
by Texas Instruments and Boothroyd 
Dewhurst, PCB Design for Assembly 
assists users in five critical board-de- 
sign areas: placement and density anal- 
ysis, height analysis, auto-insertion 
analysis, quality and labor analysis, 
and cost analysis. In addition, a library- 
management feature filled with indus- 
try-proven components helps users 
identify part types. PCB Design for As- 
sembly is shipping now. Site licenses 
start at $9500. 

Boothroyd Dewhurst Inc., 138 Main 

St, Wakefield, RI 02879; (401) 783- 

5840. 


BUILDING-BLOCK LIBRARY 
INCLUDES LARGE CORES 


Version 1.2 of the Soft-Design library 
of synthesizable architectures includes 
versions of the 8051 microcontroller, 
the 2900 series of bit-sliced microcon- 
trollers, and a multiplier macro-func- 
tion group. The architectures are actu- 
ally Verilog or VHDL representations 
of complex parts used by ASIC and sys- 
tem designers as core building blocks 
in their high-level design descriptions. 
After the high-level design is verified, 
these building blocks are synthesized 
using industry-standard synthesis 
tools. The Soft-Design toolkit is offered 
in Verilog or VHDL for use with Ca- 
dence, Mentor, Synopsys, or Vantage 
simulation and synthesis tools. The ar- 
chitectures are provided in source code, 
along with a test validation suite, syn- 
thesis scripts, data sheets, and docu- 
mentation. Call the company for pric- 
ing and availability. 

HDL Systems Corp., 2150 N. First St., 

Suite 670, San Jose, CA 95131; (408) 

428-1000. 
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DESIGN MIXED-SIGNAL 
ASICS WITH ONE TOOL 


Engineers can use Path Programmable 
Logic (PPL) version 5.0 to design both 
the analog and digital portions of a cir- 
cuit. PPL’s physical context-switching 
capabilities allow it to change rules, li- 
braries, and constraints based on area 
definitions. In addition, version 5.0 in- 
corporates the WYSIWYG (what you 
see is what you get) operation that has 
made desktop publishing easy to use. 
Users define a physical boundary be- 
tween analog and digital sections of a 
circuit that causes the tool to switch to 
new libraries and rules for the respec- 
tive areas. Then the software can inter- 
connect elements across the boundary. 
The standard PPL ASIC package in- 
cludes design entry, extraction, mixed- 
signal simulation, layout generation, 
schematic generation, and libraries for 
Mosis or Foresight shared-silicon ser- 
vices. PPL version 5.0 runs on PCs, and 
is shipping now for $14,500. A Sun- 
workstation version is also available. 
Bonneville Microelectronics Inc., 1399 
S. 700 E, Suite 10, Salt Lake City, UT 
84105; (801) 467-4698. 


44 NEW MODELS EXPAND 
SIMULATION LIBRARY 


Analogy has added 44 popular a-d con- 
verters to its simulation model library. 
These behavioral models, which in- 
clude the AD 574A, have been fully 
characterized by the company for use 
with Saber, its mixed-signal simulation 
tool. Analogy worked from complete 
component specifications from Analog 
Devices and Burr-Brown, so the models 
are accurately characterized for per- 
formance parameters. In addition, be- 
cause the models are behavioral, simu- 
lation times are greatly improved over 
transistor-level models. Analogy is 
now shipping the a-d converter models 
as part of its library of more than 4500 
analog and mixed-signal parts. 
Analogy Inc., 9205 S.W. Gemini Dr., 
Beaverton, OR 97075; (503) 626- 


9700. 


ASIC DELAY CALCULATOR 
DRIVES MANY SIMULATORS 


An enhanced version of Mentor Graph- 
ics’ TimeBase ASIC delay calculator 
now supports third-party logic simula- 
tors. TimeBase calculates design-spe- 
cific timing delays based on design to- 
pology and layout parasitics. In the 
past engineers have had to develop and 
maintain a separate calculator for each 
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simulator they used. With TimeBase, 
however, they can support a diverse set 
of simulators, proprietary or third par- 
ty, with one ASIC library. This allows 
tighter integration of third-party simu- 
lators with Mentor’s Faleon Frame- 
work for concurrent design. The en- 
hanced version of TimeBase will begin 
shipping by the second half of this year 
for $4900. In addition, it will be included 
at no charge with purchases of Men- 
tor’s logic simulator, QuickSim IT. 
Mentor Graphics Corp., 8005 S.W. 
Boeckman Rd., Wilsonville, OR 97070- 
7777. 


UTILITIES SOFTWARE 
EDITS ORCAD SCHEMATICS 


The SDT Utilities 1.0 software per- 
forms automated schematic editing 
and annotation of OrCAD SDT sche- 
matics. Engineers can locate signals 


quickly with a function that annotates 
the schematic with the source- and des- 
tination-sheet numbers of all off-sheet 
signals. In addition, they can use the 
program’s language to build com- 
mands that perform editing operations 
on any sheets in a schematic design. 
These commands may include title- 
block changes, reference-designator 
changes, part-field entry, and deleting 
objects. SDT Utilities 1.0 runs on PCs. 
It’s shipping now for $99. 

Robertson Engineering, 3721 Arlen 

Ct, San Jose, CA 95132; (408) 946- 

1200. 


CREATE LOGIC MODELS 
FROM SPICE NET LISTS 


Engineers can automatically generate 
ASIC-cell functional models from Spice 
net lists with the spice2logic software. 
Model creation starts with a Spice net 
list of a CMOS cell, a side file describing 
model attributes, and a golden simula- 
tion environment, such as Verilog. Spi- 
ce2logic transforms the Spice file into a 
switch-level representation that’s ex- 
haustively simulated. The simulation 
results are then used to synthesize the 
functional behavior of the CMOS cell, 
which is stored in an intermediate de- 
scription file called Cell Description 
Format (CDF). The tool uses the CDF 
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to fabricate functional simulation, syn- 
thesis, and timing-analysis models that 
represent the exact behavior of the 
Spice net list. Users can create Ikos, 
Mentor, OrCAD, Synopsys, Verilog, 
and Viewlogic models. The spice2logic 
software runs on Unix workstations. 
Pricing starts at $17,500 for the core 
product with one model generator. Ad- 
ditional generators cost $10,000. 
SimQuest Corp., 3235 Kifer Rd., Suite 
300, Santa Clara, CA 95051; (408) 739- 
7582. 


FPGA LAYOUT TOOLS 
COMPLETE MOST DESIGNS 


An improved version of the NeoRoute 
tools for the physical layout of Xilinx 
FPGAs increases design-completion 
rates and reduces net delays. In addi- 
tion, NeoRoute is three to five times 
faster than Xilinx routines, requires 
fewer place-and-route iterations, and 
almost eliminates clock-skew problems 
in Xilinx 3000 devices. The Xilinx-ver- 
sion of NeoRoute is a subset of FPGA 
Foundry, a device-independent CAD 
toolset for FPGAs. NeoRoute is avail- 
able now. It runs on 80386- and 80486- 
based PCs under MS Windows, and on 
Unix-based workstations running X- 
Windows and Motif. The PC and work- 
stations versions cost $7500 and 
$12,000, respectively. 

NeoCAD Inc., 2585 Central Ave., Boul- 

der, CO 80301; (303) 442-9121. 


VHDL PRICE TAG REDUCED 
FOR FIRST-TIME USERS 


The VHDL Consulting Group has sig- 
nificantly reduced the price of its 
Std__DevelopersKit software package 
so that any VHDL-model builder can 
afford it, even for demonstration pro- 
jects. Because first-time users need a 
low-cost entry point to VHDL, the com- 
pany offers the package at $9200 for a 
site-wide source-code license that in- 
cludes more than 40,000 lines of VHDL 
code and extensive documentation. The 
Std__DevelopersKit is made up of five 
VHDL subroutine packages that sup- 
ply a foundation to build simulator-in- 
dependent models. In addition, the kit 
includes Std__ModelSpec, a VHDL 
model-development guidebook packed 
with the years of model-writing experi- 
ence. The Std__DevelopersKit is ship- 
ping now. Licenses are also available 
on a division- or corporate-wide basis | 
for $25,000 and $50,000, respectively. 
VHDL Consulting Group, 974 Marcon 
Bivd., Suite 260, Allentown, PA 18103; 
(215) 266-9791. 
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Nonvolatile random access memory 
doesn’t need batteries anymore. It doesn’t 
need an extra chip either. All it needs is this. 
The nvSRAM from Simtek. 

At 64K, the nvSRAM offers the density to 
handle virtually anything you can come up with. 
It’s extremely fast, with access speeds 
ranging from 30ns-55ns. It doesn’t 
depend on a battery for nonvolatility, 
so reliability is unsurpassed. And 
because it’s a one-chip solution, pre- 
cious little board space is required. 


719-531-9444 


SIMTER 


Fax 719-531-9481 


Batteries 
included. 


We think you'll find our nvSRAM is well 
suited to applications ranging from cellular 
phones to the most advanced military hard- 
ware. To prove it, we'll send you a free design 
kit. And we guarantee you'll get it within 
48 hours of your request. So call Simtek at 
1-800-637-1667 right now for your free 
design kit (For production quantities, 
call your local Arrow/Schweber 
Electronics branch). And find out 
why, when it comes to nonvolatile 
RAM, batteries are dead. 
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NEW PRODUCTS 


DIGITAL ICs 


CHIP INTEGRATES FOUR DIGITALLY 
CONTROLLED POTENTIOMETERS 


he X9241 Quad E?POT from Xi- 
cor contains four digitally con- 
trolled resistor arrays, each 
composed of 63 resistive elements con- 
nected in series. Sixty-four taps located 
between each element and at the ends 
of each array are accessible to the wip- 
er elements, whose position is con- 
trolled by the user through a two-wire 
serial-bus interface. Each resistor ar- 
ray has an associated wiper counter 
register and four 8-bit data registers 
that can be directly written and read by 
the user. In addition, the contents of 
the data registers can be transferred to 
the wiper counter register to position 
the wiper. The current wiper position 
can be transferred to any one of its as- 
sociated data registers. 
Mask-programmable resistance val- 
ues range from 2 to 20 kQ. The resistor 
arrays can be cascaded to form resis- 
tive elements with 127, 190, or 2538 taps, 


for a total resistance value of 500 9 to 
200 kQ, depending on the mask-pro- 
grammed resistance values. The X9241 
supports a bidirectional bus-oriented 
protocol that defines the origin and des- 
tination of any traffic on the bus. Each 
direct-write cell consists of 16 bytes of 
E?PROM memory, and each register 
has an endurance of 100,000 write cy- 
cles and 100-year data retention. 

In thousands, the 20-pin plastic DIP 
version costs $4.00, $4.40, $7.00, and 
$15.12 for the commercial, industrial, 
military, and MII-STD-883 temperature 
ranges, respectively. Pricing for the 20- 
pin SOIC package is $4.80 and $5.25 for 
the commercial and industrial tempera- 
ture range, respectively. The chip is 
sampling now with production quanti- 
ties available in the second quarter. 

Xicor Inc., 851 Buckeye Ct., Milpi- 
tas, CA 95135-7493; (408) 432- 
8888. 

H@ MILTLEONARD 


ACM/TEEE 
Design 


7 


FEB QBssscerssies a sicoxe 
m Convention Center * Anaheim, CA « June 8-12, 1992 


* Over 115 exhibitors of CAD hardware and 
software products 


¢ 20 & 40 minute Exhibitor Presentations all 
day Monday, June 8, 1992 


* Expanded emphasis on DA USER Topics 
featuring panels, papers, and tutorials 


¢ Presentation of over 140 papers, tutorials 
and panel sessions 


¢ Nine full-day tutorials offered Friday, 
June 12, 1992 


Automation 
aM (Conference 


¢ Free Monday exhibit-only passes available 


from vendors or call toll-free (800) 321-4573 
(offer valid before May 15, 1992 Only!) 
After the May 15 cutoff date, exhibit-only 
passes (valid June 8 - 11, 1992) are available 
for $35.00 


For more information and registration materials contact: 
Design Automation Conference 
7490 Clubhouse Rd., Suite 102 
Boulder, CO 80301 
U.S.A. 
(303) 530-4333 
email: dacinfo@dac.com 
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EEPROM-BASED 
LOGIC ICs 
DELIVER FPGA 
DENSITIES 


he first in a family of electrical- 

ly erasable programmable logic 

chips, the pLSI 1032-80 supplies 
the highest gate count—6000 gates— 
of any EE-based field-programmable 
gate array. Lattice, which introduced 
the chips last year (ELECTRONIC DE- 
SIGN, June 27, 1991, p. 187), has im- 
proved the chips’ performance. 

Now the EEPROM logic chips can 
run with 80-MHz clocks, rather than 
with 70-MHz ones. The 1032 chip—orig- 
inally the ispLSI32—will have three 
other family members—the 1016, 1024, 
and 1048, which pack 2000, 4000, and 
8000 gates, respectively. All four ICs 
come as either the pLSI-series and re- 
quire a high-voltage external program- 
ming signal, or as the in-system pro- 
grammable (ispLSI) series that can be 
configured (or reconfigured) with the 
5-V power supply. 

When running with system clocks of 
80 MHz, the pLSI 1082 has an input-to- 
output delay of just 15 ns. The logic con- 
sists of 32 generic logic blocks (GLB) in 
the 1032 (and 16, 24 or 48 blocks in the 
other chips). Each GLB has 18 logic in- 
puts that drive a product-term array 
that, in turn, sends four outputs to the 
output macrocell. The macrocell con- 
tains a D flip-flop that has an Exclu- 
sive-OR input gate, and combinatorial 
logic. Additionally, the 1032 includes 
192 registers, 64 I/O pins, 8 dedicated 
inputs, 4 dedicated clock inputs, and a 
global routing pool for interconnec- 
tions. 

The family will be supported by pDS, 
Lattice’s development system for IBM 
386/486-based PCs and compatibles in 
a Microsoft Windows environment. 
Also available is the isp engineering 
kit, which includes a chip, a program- 
ming module, cable, and power adapt- 
er. The pDS software and kit sell for 
$995 and $395, respectively. The 84-pin 
pLSI 1032 comes in both 50- and 80- 
MHz versions, and sells for $49 and $81 
apiece, respectively, in thousands. Ei- 
ther speed grade of the chips is immedi- 
ately available. 

Lattice Semiconductor Corp., 5555 
Northeast Moore Ct., Hillsboro, OR 
97124-6421; (503) 681-0118. 
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NEW LOW PRESSURE SENSOR 


(0 to 4 inches of H20 Full Scale) 


ANNOUNCING THE NEW Features Include: Typical applications include: 

SCXLOO4DN PRESSURE @ 40mV Span (@ 4” H20) e Respirators and Ventilators 
SENSOR! e Laser Trimmed for Cal. and e HVAC Air Flow 

This new SCXLOO4DN sensor _ T@mperature Compensation = Gas Flows 


offers up to 10x the sensitivity of | @ Linearity and Hysterisis: +1% Complete application assistance 
previously available solid-state All this available now for under and evaluation boards are 


sensors. $50 in 100 piece quantities. available. Call or FAX us today. 
For Immediate Assistance Call: 7- 800 —45 SENSY| M 
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SenSym Handbook. (This Handbook aca Ree abemcey Tyas? Sah eat 
i contains over 250 pages of application panies Rar ae) Cena phy bet amen ke apes ORATET I 
i information and product sc apeeec ants ee See Poked a 
j specifications.) tics geste x 2 i 
ei I 
1 Return to: I 
4g SenSym, Inc. * 1244 Reamwood Avenue * Sunnyvale,CA 94089 * FAX (408) 734-0407 : 
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HIGH-SPEED SRAM OFFERS 


WIDEST DATA PATH 


acking the industry’s widest 

data path for a static RAM—32 

bits wide—the SDT8640 CMOS 
static RAM is the first of a family of 
wide-bus memories from Silicon De- 
sign Technology. The initial RAM, of- 
fered in a 82-kword by 82-bit organiza- 
tion, is an asynchronous memory with 
transparent address latches and the 
ability to operate with either 3-V or 5-V 
bus logic. Additional control lines on 
the chip include both active-high and 
active-low Chip-Enables, an Output- 
Enable, an Address-Latch Enable, and 
four Byte-Select lines so that the chip 
can perform single-byte writes. 

There will be four speed grades of 
the SDT8640, with the first three con- 
sisting of the 15-, 17-, and 20-ns devices. 
A 12-ns version is also in development. 
Slightly wider RAMs with 36-bit buses 
(32 bits plus byte parity) are also in de- 
velopment, as are smaller-bus-width 
SRAMs with 18- and 16-bit buses, still 
other commodity fast SRAMs, and 
some CPU-specific SRAMs. 

Housed in an 80-lead plastic quad-sid- 
ed flat package with 0.8-mm lead spac- 
ings, the SRAMs have common data in- 
put and output lines. The package also 
has many power and ground pins (two 
for every byte) and a separate output 
buffer power supply pin to minimize 
power-line noise. The chip can serve as 
a single-chip cache for processors in the 


SBUS DMA CONTROLLER 
DOES 32-BIT ADDRESSING 


Extending the addressing capability to 
the full 32-bit range of the SBus inter- 
face, the NIM618 DMA controller chip 
from Nimbus Technology can access 
any part of the 32-bit address space. In 
contrast, the original L68453 SBus 
DMA control chip from LSI Logic has 
only limited 24-bit addressing. The 
NIM618 is completely pin- and soft- 
ware compatible with LSI Logic’s chip 
and can interface any type of peripher- 
al that requires bus master DMA data 
transfers to the SBus—intelligent net- 
work and disk controllers, for example. 
Its $35 price—apiece, in hundreds— 
suits it for slave-only peripherals. Sam- 
ples are available. 

Nimbus Technology, 2900 Lakeside 

Dr., Ste. 205, Santa Clara, CA 95054; 

Spencer Greene, (408) 727-5445. 
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Intel X86 family. Its wide word size 
also suits the IC for RISC systems and 
communication controllers. When op- 
erating at maximum speed, the SRAMs 
draw from 240 to 400 mA (20 to 12 ns, re- 
spectively) from a 5-V supply. Samples 
of the chips will be available in May; 
production is slated for August. The 15- 
ns version sells for $50 apiece in thou- 
sands; the 17-ns chip is $40 in similar 
quantities. 

Silicon Design Technology, 39899 

Balentine Dr., Ste. 200, Newark, 

CA 94560; Jeff Hall, (510) 651- 

I343. 
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USE 64 BITS TO DOUBLE 
VME PERFORMANCE 


By using 64- rather than 32-bit trans- 
fers, VMEbus board makers can dou- 
ble performance without making 
changes to the backplane hardware. 
This can be done using the VIC64 VME- 
bus interface controller, a VME64-com- 
patible bus interface chip. By using the 
VMEbus’ 32-bit address bus for data 
during its frequent idle periods, design- 
ers can increase system performance 
by implementing 64-bit transfers at 70 
Mbytes/s. The chip, from Cypress 
Semiconductor, is compatible with the 
company’s VIC068 pin-out and with 
software for the VIC068. In hundreds 
the chip sells for $140 each; 144-lead 
PGAs and 160-lead plastic quad flat 
packs are available. 

Cypress Semiconductor Corp., 3901 

North First St, San Jose, CA 95134; 

(408) 943-2600. 
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MEGACELL CORES 
EASE COMPLEX 
ASIC DESIGN 


y adding complex predesigned 

functions—‘‘Core Ware’’—to 

its standard-cell library, LSI 
Logic eases designing systems on a 
chip. CoreWare cells consist of large 
functions like RISC microprocessors 
and related support functions like di- 
rect-memory-access control, blocks of 
RAM or ROM, SCSI disk controllers, 
DSP functions, and custom-created 


blocks. Predesigned and pretested 
blocks means designs can be completed 
faster and with fewer errors. 

Some of the major cores that are cur- 
rently available include the CW33000 
RISC CPU core based on the R3000 mi- 
croprocessor from Mips Computer Inc., 
the companion CW82380 read/write 
buffer, the CW900 embedded SPARC 
processor, the CW853A SBus DMA 
controller, along with a multiprocessor 
bus interface. High-speed math blocks 
such as pipelined and non-pipelined 32- 
bit ALUs, multipliers, and dividers, as 
well as non-pipelined 64-bit ALUs and 
multipliers. For military projects, LSI 
also offers the CW1750A 16-bit CPU. 

All CoreWare cells are fully compati- 
ble with the company’s MDE design en- 
vironment and submicron CMOS pro- 
cesses. The large cells are supplement- 
ed with a library of over 1000 macro- 
cells and other large building blocks. 
Pricing is based on an access fee to the 
CoreWare blocks (minimum of $25,000) 
plus an engineering charge (minimum 
of $30,000), production costs and pack- 
age requirements. 

LSI Logic Corp., 1551 McCarthy 
Bivd., Milpitas, CA 95035; Thomas 
Harington, (408) 954-4875. 
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Performance Integrated MIPS Module 


40-MHz PIIVIM 


The easiest & lowest cost path 
to 33 MIPS and 6.5 MFlops* 
with 5,000,000 Transistors 
inside a Single VLSI Package 


*Double Precision LINPACK 


Actual Size 
144-pin PGA 
1.96x1.96" 


eoes 


PIMM - 40 SG144C 


_ PIMM 


Contains MIPS RISC CPU, Floating Point Accelerator, Write, 
Read & Parity Buffer, 32KB Instruction & 32KB Data Caches 
Easy to Design-Iin 


Designers no longer have to contend with the high-speed cache bus or other 
high-frequency signals because they are integrated in PIMM’s VLSI package. 


PIMMalso provides a fully flexible and simple interface that helps designers 
to build high performance workstations, servers, and embedded systems. 


Single Package with Minimum Board Space 

PIMM integrates a CPU, FPA, 32KB | & 32KB D caches, 8-word-deep write 
buffer, and a 32-word programmable read buffer in a 2-inch square package 
— thereby reducing board space and cost dramatically. 


Full MIPS Software Support 
Mature compilers and operating systems exercised on hundreds of thousands 
of production systems by dozens of manufacturers over three years. 


For more information call 
U.S.A. (408) 734-9000 
Europe 44-256-59585 


PERFORMANCE 


SEMICONDUCTOR CORPORATION 


610 East Weddell Drive, Sunnyvale, California 94089 


Actual Size 


DC-DC Converter 
Transformers and 
Power Inductors 


These units have gull wing construction 
and are packaged in shipping tubes, 
which is compatible with tube fed auto- 
matic placement equipment or pick and 
place manufacturing techniques. Trans- 
formers can be used for self-saturating or 
linear switching applications. The Induc- 
tors are ideal for noise, spike and power 
filtering applications in Power Supplies, 
DC-DC Converters and Switching Regu- 
lators. 


e Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 

e Transformers can be used for 
self-saturating or linear 
switching applications 

e Schematics and parts list 
provided with transformers 

e Inductors to 20mH with DC 
currents to 23 amps 

e Inductors have split windings 


Delivery— 
stock to one week 


PICO 


e 
Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 

FAX 914-699-5565 


EEM 
or Poe direct for 
FREE PICO Catalog 
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4-GSAMPLE/S SCOPE BOASTS 
1.5 MHZ BANDWIDTH 


esigners of systems with clock 

rates to 100 MHz and edge 

speeds below a nanosecond 
will find the HP 54720A 4-Gsample/s, 2- 
channel oscilloscope to be a valuable 
debugging tool. The scope accurately 
reconstructs signals with 1-GHz of 
real-time bandwidth and 1.5-GHz of 
equivalent-time bandwidth, which is 
enough to examine the overshoot and 
ringing found in fast digital circuits. 

The unit supplies 8-bit vertical reso- 
lution and 1% vertical gain accuracy. 
Time-interval accuracy is better than 
30 ps, and memory depth is 32 ksamples 
on 2 channels and 16 ksamples on 4 
channels. The scope can trigger on log- 
ic bits, timed logic patterns, or glitches 
as narrow as 500 ps. 

The scope’s modular signal-condi- 
tioning section allows users maximum 
flexibility and, together with a built-in 
disk drive and flash ROM, permit fu- 
ture upgrades with new hardware or 
application-specific software. For ex- 
ample, users can configure the quad 2- 
Gsample/s analog-to-digital convert- 
ers for 2 channels at 4 Gsamples/s or 4 
channels at 2 Gsamples/s. 

An optional active probe, the HP 
54701A, features 1% flatness over 2.5 


VXI MODULE MEASURES 
POWER TO 100 GHZ 


A one-slot C-size VXIbus module mea- 
sures power levels from 100 pW (-70 
dBm) to 7 W. Sensors are available to 
make measurements from 100 kHz to 
100 GHz. The Model 4052 power meter 
may be ordered with from one to four 
channels, all housed in the same size 
module. Calibration requires only one 
bus command, which stores the results 
in an on-card battery-backed memory. 
To ensure measurement integrity, the 
module features additional stabiliza- 
tion and noise-rejection circuitry in a 
fully shielded housing. The meter can 
be used with microwave sweepers, a 
frequency counter, and appropriate di- 
rectional couplers to form a low-cost 
scalar network analyzer. With addi- 
tional sensors the setup can make si- 
multaneous return loss measurements. 
The Model 4052 costs $3750 and is avail- 
able with delivery in 6 weeks. 
Racal-Dana Instruments Inc., 4 Good- 
year St., Irvine, CA 92718; (800) 722- 
3262. 


GHz. The probe’s input capacitance is 
only 0.6 pF and its input resistance is 
100 kQ. The HP 54701A draws its pow- 
er from the scope but can also be used 
with the HP 1148A power supply. 

The 4-Gsample/s, 2-channel HP 
54720A mainframe costs $42,900, anda 
2-Gsample/s, 2-channel version, the 
HP 54710A, costs $29,900. Modules 
range in price from $2400 to $4700 for 
the 4-Gsample/s, 1-GHz amplifier. The 
HP 54701A 2.5-GHz active probe costs 
$2300. Delivery is estimated at 16 
weeks. 

Hewlett-Packard Co.,19310 Pruner- 
idge Ave., Cupertino, CA 95014; 
(800) 752-0900. 
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POWER METER MAKES 
MULTIPLE MEASUREMENTS 


An easy-to-use precision, single-phase 
power analyzer makes many power-re- 
lated measurements including true 
power, harmonics, power factor, and 
voltage and current crest factors. The 
PM1200 performs autoranging peak 
voltage and current measurements 
from 2 to 1000 V and 10 mA to 175 A. 
The meter also makes direct readout 
measurements of harmonics (phase 
and angle) and total harmonic distor- 
tion to the 50th harmonic and crest fac- 
tor to 19.9. Basic accuracy is 0.25%, 
even for distorted waveforms. Read- 
ings are made over a range of de to 50 
kHz. The PM1200 comes in benchtop or 
half-rack versions, and includes IEEE- 
488, RS-232C, Centronics printer, and 
analog chart recorder interfaces. The 
bench version costs $5950 and the rack- 
mount version $6170. Delivery is from 
stock to 4 weeks. 

Voltech Inc., 200 Butterfield Dr., Ash- 

land, MA 01721; (508) 881-7329. 
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Modular High Power 


Up To 2000 Watts — 

qa» 

gee slats runs Wash 

You're in the initial stages of design. You need a prototype and you’re facing Get Complete ees” 
Details Today. 


a deadline. You also need a power supply with specific voltage/current outputs. 
And you need it fast! 
That’s where POWER-ONE’s fully modular SPM High Power Series comes for our 
in. Single, dual, or triple output modules enable you to specify up to 1S DC = ee ae 
outputs...from stock. With delivery time as little as two weeks. ane endo Catalog 
And there’s more. The incredibly versatile SPM represents the industry's 


Call our Toll Free 


highest power density—up to 2000 watts of multiple output power in the most “Innovators in Power Supply Technology” 
compact package available today. There's even an optional on-board UPS capability. PRUE One 
And no matter what configuration you require, be assured this internationally 
recognized power supply will meet the toughest safety regulations, worldwide. D.C. Power SUPPLIES 
So remember....whatever your requirements, we're keeping our shelves 
- ; ae ; POWER-ONE, INC. 
stocked for those urgent, limited-quantity deliveries. You'll get the exact voltage/ 740 Calle Plano « Camarillo, CA 93012-8583 


current combination you need, on time. Every time. Phone: (805) 987-8741 - FAX: (805) 388-0476 
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Reliable solid-state power. When 
we designed our new 300-watt 
Model 300A100 rf amplifier, we 
knew it would answer the needs of 
many kinds of people. 

People seeking a stable, eco- 
nomical way to drive an antenna 
to deliver at least 50 volts per 
meter for susceptibility testing. 
People who must trust an amplifi- 
er’s ability to keep operating into 
a severe load mismatch—even 
shorted or open output termi- 
nals—without damage, oscilla- 
tion, or foldback. People who 
expect the full bandwidth—10 
kHz to 100 MHz—to be there 
instantly for sweep testing, with 


Souderton, PA 18964-9990 USA 
RESEARCH 215-723-8181 ¢ Fax 215-723-5688 
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160 School House Road 


no need for tuning or bandswitch- 
ing. People who have to monitor 
both forward and reflected power. 
People who want automatic level- 
ing. People who regularly perform 
both pulsed and cw procedures. 
People who demand remote-con- 
trol interfacing. 

The 300A100 is the latest 
all-solid-state member of a family 
of AR amplifiers covering a power 
range from one watt up to 10 kilo- 
watts, and the rf range from 
10 kHz up to 1 GHz. Their stay- 
ing power is rated very conserva- 
tively—output stated as minimum, 
not nominal or peak. Chat with one 
of our applications engineers, who'll 


pick up the phone himself when 
you Call, toll-free, 


1-800-933-8181 


For engineering assistance and service throughout Europe, call 


EMV GmbH ¢ Munich ¢ 89-612-8054 
EMV Ltd. ¢ London ¢ 908-566-556 
EMV S.A.R.L. ¢ Paris * 1-64-61-63-29 
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NEW PRODUCTS 
L INSTRUMENTS | 


ANALOG/DIGITAL SCOPES OFFER 
SPEED, CHANNEL CHOICES 


family of oscilloscopes offers 

users a wide range of choices 

for varying applications. The 
scopes operate in analog and digital 
modes and come in 100-MHz and 200- 
MHz versions with a choice of full 4- 
channel or 2+2-channel operation. 

The two pairs of scopes, the PM 
3382/84 and PM 3392/94, combine the 
ease of operation and real-time 100- or 
200-MHz bandwidth of an analog in- 
strument with a digital sampling rate 
of 200 Msamples/s. Users can take ad- 
vantage of the “live” signal represen- 
tation and infinite resolution of the ana- 
log mode for applications that require 
such capability. Or they can quickly 
switch to the digital mode, which offers 
an extensive set of built-in automated 
voltage and timing measurements. Di- 
rect access control eliminates the need 
for menus. 

Triggering modes include logic-state 
and pattern triggering, and glitch trig- 
gering down to 2 ns. Besides pre- and 
post-trigger display, the instruments 
allow event delay and time-after-event 


delay. The acquisition memory can 
store 32 ksamples. A unique Touch 
Hold and Measure feature lets users 
initiate a measurement by pushing a 
probe-mounted button. 

The PM 3384 and PM 3394 are true 4- 
channel scopes. That is, all four chan- 
nels provide full sensitivity with com- 
plete attenuation ranges on each chan- 
nel. The 2+2 versions have limited sen- 
sitivity on the two additional channels. 

A comprehensive Math+ option per- 
forms more complex calculations, like 
integration, differentiation, template 
testing, and FFTs. An optional IEEE- 
488.2 (GPIB) interface permits full re- 
mote programmability using the Stan- 
dard Commands for Programmable In- 
struments. A serial printer-plotter in- 
terface is standard. 

The 100-MHz PM 3382 and PM 3384 
cost $4490 and $5490, respectively. The 
200-MHz PM 3392 and PM 3394 are 
priced at $5990 and $6490, respectively. 

John Fluke Mfg. Co. Inc. P. O. Box 
9090, Everett, WA 98206; (800) 443- 
5853. 
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FAST TESTERS HANDLE UP 
TO 64 DRAMS IN PARALLEL 


pair of memory testers with 

excellent speed and accuracy 

capabilities are the first mem- 
bers of the J990 series of memory test 
systems. The systems also offer a high 
degree of parallel test capability. 

The J997 is a general-purpose high- 
performance memory tester well-suit- 
ed for engineering and wafer test. Max- 
imum operating frequency is 200 MHz, 
and overall timing accuracy is 300 ps. 
The J997 can test 32 DRAMs in parallel 
on two test stations. The J994 is opti- 
mized for final test of packaged de- 
vices, with a capacity of 64 DRAMs in 
parallel. The system’s maximum oper- 
ating frequency is 120 MHz, and over- 
all timing accuracy is 500 ps. 

The new testers are the first to use 
Tester-per-Site, a proprietary architec- 
ture evolved from the pin-slice concept 
used in Teradyne’s VLSI test systems. 
This architecture gives the J990 series 
the flexibility and speed needed to test 
multiple wide-width DRAMs and spe- 
cialty memory devices in parallel. Con- 


ventional shared-architecture testers 
cannot deliver the accuracy and site-to- 
site correlation that IC manufacturers 
need. 

The Tester-per-Site architecture ap- 
plies a complete set of parallel electron- 
ics to each pin of the devices to be tested 
in parallel. For example, one set of pin 
electronics is assigned to pin 1 of each 
device, and another set is dedicated to 
pin 2. The systems include Teradyne’s 
patented E/MOS design, which takes 
advantage of the high-performance of 
ECL technology in the critical timing 
circuitry and employs the economy and 
reliability of CMOS in other, less sensi- 
tive areas. 

Prices for a J997 single-station sys- 
tem configured for engineering start at 
about $1 million. A J994 system for pro- 
duction costs from $1 million to $1.5 mil- 
lion, depending on configuration. 

Teradyne Inc. Semiconductor Test 
Div., 30801 Agoura Rd., Agoura 
Hills, CA 91301; (818) 991-2900. 
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At Pacific Hybrid, we do it all — and 
then some. Truth is, we can 
meet virtually all of your hybrid 
product needs, packing maximum 
performance into the smallest 
possible package — up to 10 times 
smaller than other technologies. 
Faster turnaround. 

Lower overall costs. 


Who could ask for anything more? 
Feel free: just call us at 


1-800-622-5574 Dept. ED2. 
PACIFIC HYBRID 


MICROELECTRONICS 
We do small miracles. 


10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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The smallest, double-pole, 30A relay you can buy 


Potts 
T9967) & Bry 
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for either printed circuit board or panel mounting! 


Our new T92 relay saves valuable 
space in your power switching 
application. It lets you do more 
with less whether you’re switching 
HVAC compressors, appliance 
pump motors or ballasts in energy 
management applications. 


Double pole T92 can switch two, 
30A loads in either its panel-mount 
or PC board configuration. And for 
many loads its life is comparable to 
that of more costly definite pur- 
pose contactors. Both a dust 
cover and a sealed, immersion- 
cleanable enclosure are available. 


Contact Ratings & Electrical Life 
(Normally Open Contacts, DC Coil) 


Load 


30A @ 240VAC 

1.0 HP @ 120VAC 
2.5 HP @ 240VAC 
25.3 FLA, 110 LRA 
TV10 @ 120VAC 
20A @ 28VDC 


Expected Life 


300K operations 
100K operations 
100K operations 
100K operations 
100K operations 
100K operations 


The T92’s efficient coil requires 
less than 1.7W of power for DC 
types; 4.0VA for AC models. Coil 
voltages are offered from 6 through 
110VDC and from 24 through 
277VAC. 


Designed to meet VDE isolation 
requirements, T92 provides internal 
spacings of 8 mm through air and 
9.5 mm over surface. Dielectric 
strength is 4kV between contacts 
and coil, 1.5kV between open 
contacts and 2kV between poles. 


Of course, T92 relays are built to 
the same stringent standards that 
have allowed many of our general 
purpose and power relays to 
become the standards of the 
industry. No brag, just fact! 


Contact us today to learn more 
about how you can use the T92 to 
solve your toughest power switch- 
ing problems. 


Board Layout for PC Mounting 
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OPTIONAL LAYOUT USES .072 (1.83) DIA. 
HOLES ON THE SAME CENTERS SHOWN 


Panel Mounting Dimensions 


Two .125 (3.175) mounting slots are 
provided on 2.351 (59.71) centers. 


Potter & Brumfield 

200 S. Richland Creek Dr. 
Princeton, IN 47671-0001 
Fax: (812) 386-2335 


Call toll-free 1-800-255-2550 for 
the P&B authorized distributor, 
sales representative or regional 
sales office serving your area. 


Potter & Bru mfield A Siemens Company 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


RISC-BASED PLOTTER PRODUCES 
C-SIZE DRAWINGS IN UNDER 5 MIN. 


o get high-quality C-size plots, 
users typically had to spend 
$7000 to $15,000 for a laser or 
thermal printer. Now, with the Pro- 
Tracer, from Pacific Data Products, 
they can get those plots for just $1499. 
The ProTracer combines an Intel i960 
embedded RISC processor and a high- 
performance Canon ink-jet engine to 
produce final-quality drawings in less 
than 5 min. 
The ProTracer offers 360- by 360- 
dots/in. output to print crisp lines and 


smooth curves. Area fills are solid with 
no bonding or streaking. For check 
plots, the plotter can be placed in a 
high-speed, low-resolution mode. It 
supports commonly used media such as 
plain and bond paper, plotter paper, 
and vellum. Two optional sheet feeders 
can feed A-and B-size cut-sheet paper 
or business-size envelopes automati- 
cally. The plotter can also be used for 
laser-quality office documents on stan- 
dard paper. It easily fits on any desktop 
because of its small footprint. 

By adding HP-GLand PostScript em- 
ulation cards, users can customize the 
printer to match a specific software ap- 
plication. Adding 2 Mbytes of memory 
and an HP-GL cartridge costs an extra 
$500. A PostScript card and 8 Mbytes of 
memory costs $1398. The ProTracer 
and its accessories will be available in 
April. 

Pacific Data Products, 9125 Rehco 
Rd., San Diego, CA 92121; (619) 552- 
0880. 

M@ RICHARD NASS 


DESKSIDE FAMILY IS 


BASED ON MIPS R4000 


he Iris Crimson family of desk- 

side computer systems from 

Silicon Graphics is based on the 
Mips R4000 64-bit RISC microproces- 
sor. Starting below $28,000, the family 
includes seven models that span a full 
range of graphics capabilities. 

Binary compatible with the compa- 
ny’s line of Iris 4D workstations and 
servers, the family incorporates the 50- 
MHz R4000SC, delivering 70 SPEC- 
marks of performance. The R4000SC, 
the fastest version of the R4000, offers 
balanced floating-point and integer 
performance and tightly integrated 
support for a large secondary cache, a 
critical element of the systems’ perfor- 
mance. The processor contains an inter- 
nal clock rate of 100 MHz, achieved 
through superpipelining. This tech- 
nique breaks each instruction into 
tasks, allowing several tasks to be han- 
dled by one clock cycle. 

By maximizing ASIC technology, the 
Crimson family can achieve memory 
transfer rates of 400 Mbytes/s. This 
tight coupling of the compute and mem- 
ory subsystems, combined with a so- 
phisticated two-level caching scheme, 
reduces the long wait states typically 


associated with CPU access to main 
memory. 

The seven models of the family in- 
clude the S, the Entry, the XS, the 
XS24, the Elan, the VGX, and the 
VGXT. The S is the base system, while 
the Entry adds some entry-level graph- 
ics capabilities, suitable for X-Windows 
and 2D or 3D vector applications. The 
XS supplies an optional hardware Z- 
buffer and a Geometry Engine graph- 
ics processor to increase polygon per- 
formance and the XS24 adds 24-bit 
plane color. The Elan includes the hard- 
ware Z-buffer and Geometry Engine. 

The VGA includes the Silicon Graph- 
ic’s PowerVision graphics to deliver 
the fast polygon performance, hard- 
ware-assisted antialiasing, and tex- 
ture-mapping capabilities. The VGXT 
delivers the company’s top-of-the-line 
graphics performance. 

All the systems include up to 256 
Mbytes of memory, 3.6 Gbytes of inter- 
nal disk storage, two SCSI channels, 
and four VME slots. 

Silicon Graphics Inc., 2011 N. 
Shoreline Blvd., P.O. Box 7311, 
Mountain View, CA 94039; (415) 
960-1980. 
M@ RICHARD NASS 
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GETS YOU THE 
DENSES TFT 


There’s just one place to go for 
next-generation hybrid performance 
that’s priced right, right now: 
Pacific Hybrid. Because now we offer 
unbeatable 2-mil line, 3-mil space 
ceramic multichip module performance, 
thanks to a unique transfer tape 
technology that also improves reliability, 
turnaround time and overall costs. 


So when you're looking for an MCM 
that’s really dense, get smart. Call us at 


1-800-622-5574 Dept. EDI. 


PACIFIC HYBRID 


MICROELECTRONICS 
We do small miracles.’ 


10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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New 14-Bit, 5.42MHz Sampling ADC 
Delivers -88dB SFDR 


Clearer, Cleaner Signals 


ADC614 is a complete 


two-step subranging 
subsystem containing 


an ADC, sample/hold, 


voltage reference, 
timing and error 
correction circuitry. 
Packaged ina 
compact 46-pin DIP, 
the hybrid’s excellent 
wideband linearity 
allows 14-bit perfor- 
mance with a Nyquist 
spurious-free dynamic 
range of -88aB (typ). 
It's an excellent 
choice for spectral 
analysis in radar, 


| medical, and digital 


receiver applications. 
The device dissipates 

just 6.1W and is speci- 
fied for 0/+70°C. Logic 
is TTL. 


CIRCLE 252 FOR U.S. RESPONSE 


ADC614 is pin-consis- 

tent with Burr-Brown’s 
| 12-bit ADC603 family. 
Speed and dynamic 
range trade-offs can 
be made by simply 
plugging in an 
ADC614, ADC603 or 
ADC604, Insuring the 
highest performance, 
“KH” units are not only 
thoroughly DC and 
AC tested, but they're 
also shipped with free 
test data summaries. 


Key ADC614 
Specifications 
e Resolution 14-bits 


e Sample rate 
DC to 5.12MHz 


e -88dBFS SFDR 


e Two-Tone IMD 
-87dCBFS 


e 770B SNR 


e No missing codes 
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Free 
Selection 
Guide 


Our new High Speed 
Linear Products guide 
describes our 
complete line 
and contains 
valuable 
test and 
application 
tips. Ask 
your local 
sales rep 
for a free 
copy or calll 
1-800-548-6132 
for immediate 
assistance. 


Burr-Brown Corp. 
P.O, Box 11400 


Tucson, AZ 85734 
BURR - BROWN® 


NEW PRODUCTS 


COMMUNICATIONS 


LASER-DIODE MODULES PUMP 
DATA THROUGH FIBER PIPES 


wo types of laser-diode modules 

from Mitsubishi Electronics 

America are designed for long- 
distance data-transmission systems. 
The 1480-nm FU-622SLD-1 pump-laser- 
diode module is for use in long-haul, er- 
bium-doped fiber amplification (EDFA) 
systems. The module provides continu- 
ous output for optical pumping in un- 
dersea and terrestrial long-distant 
EDFA transmission. Typical output 
power is 45 mW with an rms spectral 
width of 10 nm. The module includes a 
built-in thermoelectric cooler. Samples 
are available for $10,000 each. 

For Sonet and other high bit-rate ap- 
plications, Mitsubishi’s FU-68SDF-2 
multiple-quantum-well laser-diode 
module transmits data at a rate of 2.5 
Gbits/s over distances greater than 70 


km without a bit-error-rate floor. The 
spectral width is typically 0.2 nm, and 
typical side-mode suppression is 40.0 
dB. The input of the single-mode fiber- 
pigtail module is impedance-matched to 
25 2. The device has a built-in thermo- 
electric cooler, and an optical isolator 
limits noise to -155 dB/Hz. 

The laser diodes’ minimum output 
power is 2 mW; minimum cutoff fre- 
quency is 3.5 GHz, and maximum rise 
and fall times are 150 ps. Typical light- 
emission central wavelength is 1550 
nm. Packaged in a standard butterfly 
housing, the laser diode module sells 
for $9000 each. 

Mitsubishi Electronics America, 
Ltd., 1050 E. Arques Ave., Sunny- 
vale, CA 94086; (408) 730-5900 

@ MILT LEONARD 


SLIC CUTS STANDBY 
POWER, DEVICE COUNT 


A two-chip subscriber line interface cir- 
cuit (SLIC) kit offers low dissipation in 
the standby mode and high integration. 
Aimed at applications in central offices, 
PABXs, digital key systems, terminals 
and multiplexers, this kit from SGS- 
Thomson Microelectronics consists of 
the new L3092 SLIC control unit and 
the company’s existing L3000 high- 
voltage SLIC line interface IC. 

The two ICs integrate all functions 
of a subscriber line interface, including 
ringing signal rejection, a function typ- 
ically performed by external circuits. 
This contributes to a low component 
count. 

Another important benefit is the 
greatly reduced dissipation in stand- 
by—less than 50 mW with signaling 
functions active. This is important in 
central office and PABX applications 
where lines are in the standby state 
most of the time. 

The L3092/L3000 SLIC can also mea- 
sure the length and conditions of the 
line so that the card can choose an ap- 
propriate feeding scheme. For exam- 
ple, in the case of short loops, the bat- 
tery feed can be reduced to limit dissi- 
pation, and the coefficients can be mod- 
ified to optimize matching. 
Comprehensive development support 
is provided by evaluation boards, soft- 
ware, Spice models and detailed appli- 
cation notes to make application devel- 
opment fast and simple. 


Available now, the two-chip SLIC kit 
sells for about $14 apiece in quantities 
of 100. 

SGS-Thomson Microelectronics, I- 

20041 Agrate Brianza, Via C. Olivetti 

2, Italy. Contact: Maria Grazia Pres- 

tini; phone (00) 39 39 6035 597. 


SI MODULUS DEVICES 
OUTPERFORM GAAS 


A line of silicon modulus divider ICs 
can outperform gallium arsenide de- 
vices in communication and instrumen- 
tation applications. The five devices in 
the SP8900 series have ratios of 2, 4, 8, 
10, or 16. An “A” grade option guaran- 
tees 5.5-GHz operation at —40° to +85°C 
and 5.0 GHz over —55° to +125°C, while 
the B grade option guarantees 5.0 GHz 
at —40° to +85°C, the company says. The 
devices fabricated on the company’s 14- 
GHz F, HE bipolar process. 

Input sensitivity is -2dBm and does 
not require pre-amplification for typi- 
cal GaAs parts, the company says. GPS 
also claims they use less power than 
gallium arsenide devices, at 350 mW 
from a single 5-V supply. Noise floor 
for the dividers is typically -144dBe/ 
Hz at 5GHz. The 1000-unit price for the 
B grade dividers is $33 in eight-pin ce- 
ramic, dual in-line packages. A grade 
price is $57. 

GEC Plessey Semiconductors, Cheney 

Manor, Swindon, Wiltshire, SN2 2QW, 

UK; +44 (0)793 518411. 
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MEETS ALL YOUR 


DESIG 
A COST 


DEMANDS BY 


It’s no big surprise: at Pacific Hybrid, 
we offer all the latest fine pitch 
surface-mount technologies you need 
to squeeze more performance out of 
less board space. Along with 
world-class manufacturing, we also 
offer the turnkey solutions and JIT 
economies needed to meet your tightest 
scheduling and budget demands. 
Bottom line: it pays to get us 
on the line, so call. 


1-800-622-5574 Dept. EDS 
PACIFIC HYBRID 


MICROELECTRONICS 
We do small miracles: 


10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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HT Basic 
Is the Perfect Fit 


TransEra’s HTBasic combines the effortless program- can make developing your application much less puzzling. 
ming of HP-style BASIC with advanced application devel- 
opment system features such as scientific instrument 
control, data analysis, and graphic presentation. 


Powerful facilities for data acquisition and 
IEEE-488.2/RS-232 instrument control, 
COMPLEX arithmetic, CSUB capabili- 
ties, matrix mathematics, and com- 

plete HP-style graphics make HTBasic 

the answer for all levels of users. 


With HTBasic, your PC becomes a scientific workstation 
that is compatible with the HP9000 Series 200/300. 
In fact, the transfer utility included with HTBasic 
lets you port your current HP Basic programs 
to the PC and run them with little or no mod- 
ification while adding all of the function- 
ality of industry standard PC 
hardware and software. You can share 
data with spreadsheet and database pro- 


TransEra’s 32-bit Compiler for HTBasic rou- grams, use standard graphics displays, output 


3 : ae devices, even networks. 
tines gives access to significant performance 
increases in high-speed math calculations. And a full = For Speed, Power, Flexibility, and Functionality, 
library of pre-compiled subroutines for FFT’s, curve- HTBasic for the PC is the perfect fit. 
fitting, waveform analysis, and digital filtering/windowing 


Call or write today. 
CIRCLE 236 FOR U.S. RESPONSE Transéra 
CIRCLE 237 FOR RESPONSE OUTSIDE THE US. Engineering Excellence for 15 Years™ 


3707 N. Canyon Road, Provo, UT 84604 + (801) 224-6550, FAX (801) 224-0355 


NEW PRODUCTS 
noe | 


DUAL, CONTINUOUS LOW-PASS 
FILTER IS PROGRAMMED DIGITALLY 


switched-capacitor filters that 

are digitally programmable are 

noisy while time continous (CT) 
filters are quiet, yet not easily pro- 
grammed by a microprocessor. Now 
Maxim’s MAX270 IC contains a pair of 
CT low-pass filters on a single chip— 
and their cutoff frequencies are digital- 
ly programmable. Writing a 7-bit word 
to each of the MAX270’s two memory 
addresses sets the cut-off frequency 
(C,) of each of its second order Sallen- 
Key, Chebyshev filters to one of 128 
frequencies between 1 kHz and 25 kHz. 

Alternatively, for fixed C; operation, 
pin-strapping can replace the program- 
ming. Cr resolution is best shown by 
giving examples of sets of adjacent C,s: 
1 kHz, 1.011 kHz; 1.605 kHz, 1.635 kHz; 
3.620, 3.671; 6.481, 6.645; and 22.826 
kHz, 25 kHz. 

Programmed C, accuracy typically 
runs 2.9% with C; set at 2.536 kHz; 
+9.5% with C; set at 25 kHz. Gain with- 
in the pass band runs between -0.5 and 
-6 dB. These filters, plus their output 


LOW NOISE PROVIDES WIDE DYNAMIC RANGE 


VOLTAGE 


(100mV/div) 


TIME 
(500us/div) 
Dynamic Range = 200g (2.475V/38mV) « 966B 


operational amplifiers, achieve a maxi- 
mum total harmonic distortion (THD) 
of -70 dB while putting a 3.5-V pk-pk 
390-Hz sine wave across 5 kf. with C; 
setat 2.01 kHz. Similarly, spurious-free 
dynamic range (SFDR) runs a mini- 
mum of 70 dB. In its 20-pin plastic DIP 
the MAX270 low-pass filter chip sells 
for $7.72 in 1000-unit quantities. 

Maxim Integrated Products Inc., 120 

San Gabriel Dr., Sunnyvale, CA 

94086; Steven Leandro, (408) 737- 

7600. 

M FRANK GOODENOUGH 


SHAS GRAB FOUR FAST SIGNALS 
SIMULTANEOUSLY, IN 900 NS MAx 


apable of simultaneously sam- 
pling four analog voltages, Da- 
tel’s MSH-840 is aimed at appli- 
cations in which the amplitude of multi- 
ple analog signals must be measured 
and measurements made virtually si- 


multaneously. Measuring simulta- 
neously is mandatory if the time or 
phase relationship between them is im- 
portant. The four sample-and-hold am- 
plifiers (SHAs) in the MSH-840 can 
each independently, and if directed si- 
multaneously, acquire a 10-V voltage 


step to 0.01% accuracy ina maximum of 
900 ns. 

Once the voltage is acquired, if in 
turn the SHAs are simultaneously com- 
manded into HOLD, the aperture delay 
for each is 60 ns maximum, and the 
aperature uncertainty 50 ns maximum. 
Thus all four samples will have been 
taken within less than 100 ns of each 
other. The MSH-840 also contains an 
output multiplexer followed by a buff- 
er amplifier. Acquisition time for the 
SHAs includes that for the multiplexer. 
Minimum small-signal bandwidth runs 
8 MHz, minimum full-power band- 
width, 300 kHz. 

Two of the four channels can be giv- 
ena gain of ten by the user. This unique 
feature adapts the MSH-840 for sam- 
pling the same voltage before and after 
analog signal processing, which may 
include gain. In OEM quantities the 
commercial grade MSH-840 goes for 
$224 each; its military coounterpart 
sells for $244 each. 

Datel Inc., 11 Cabot Blvd., Mans- 
field, MA 02048; Bob Leonard (508) 
339-3000. 
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TAKES ALL YOUR 


NEEDS 


AND KNOCKS —EM 


DOVVN TO SIZE 


FOR LESS? 


The answer’s simple: Pacific Hybrid. 
The fact is, right now, we can take you 
into the future with fine pitch SMDs, 
custom hybrids and high-performance 
multichip modules — whatever it 
takes to meet your design needs or 
fabrication demands. 

Need a prototype fast? Faced with 
a bare-bones budget? There’s no 
question who to call: Pacific Hybrid. 


1-800-622-5574 Dept. ED4. 


PACIFIC HYBRID 


MICROELECTRONICS 
We do small miracles: 
10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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Control any 

IEEE-488 (HP-IB, GP-IB) 

device with our cards, cables, 
and software for the PC/AT/386, 
EISA, MicroChannel, and NuBus. 


SINGLE CHIP DRIVES 
BIPOLAR STEPPER MOTOR 


Containing on one chip all the circuitry 
needed to control and drive a two-phase 
bipolar stepper motor, the L6219 smart 
power IC from SGS-Thomson Micro- 
electronics replaces two-chip solutions, 
making a compact motor drive. 

The IC incorporates two bridge pow- 
er stages rated at 750 mA plus two cur- 
rent control chopper circuits. The latter 
are of the fixed OFF time type, which 
minimizes current ripple and makes it 
possible to drive motors with low resis- 
tance. 

Two logic inputs allow the output 
current to be programmed in four lev- 
els, permitting motor operation in the 
full-step and half-step modes. More- 
over, by using an external D/A con- 
verter to vary the voltage applied to a 
reference voltage input, it’s possible to 
micro step the motor. 

The L6219 is housed in a 24-lead DIP 
package, which is both compact and 
convenient for automatic assembly. 
Four leads conduct heat from the die to 
circuit board tracts; no other heat sink- 
ing is necessary. A PLCC-44 plastic 
chip carrier version will be introduced 
later in the year. Available now, the 
L6219 sells for $1.70 apiece in quanti- 
ties of 25,000 units. 

SGS-Thomson Microelectronics, 100 

East Bell Rd., Phoenix, AZ 85022; J.P. 

Rossomme: (602) 867-6228. 


TRANSISTORS BOOST BASE 
STATION EFFICIENCY 


Featuring input and output-matching 
networks optimized for 800 to 900 MHz 
and 900 to 960 MHz operation, respec- 
tively, the BLV101A and BLV101B RF 
power transistors are suitable for the 
driver and output stages of cellular ra- 
dio base-station transmitters. Both 
transistors are high-gain, npn types de- 


EERIE LECTRONIC 


NEW PRODUCTS 
| POWER | 


livering output power of up to 50 W at 
operating efficiencies exceeding 50%. 

The double-input and output match- 
ing networks integrated into the de- 
vices make designing the transistors in 
to RF circuits fairly easy. An implanted 
ballast resistor stabilizes their perfor- 
mance over a wide operating tempera- 
ture range. Power gain for both types 
is a minimum of 8.5 dB for the 101A and 
7.5 dB for the 101B. 

Devices are fabricated in a silicon 
planar epitaxial process. Gold metalli- 
zation improves reliability. They are 
housed in a six-lead SOT273 flanged en- 


software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 


capsulation with a ceramic cap. Sam- 
ples of the BLV101A and BLV101B are 
available for about $70 each. Produc- 
tion volumes can be delivered six weeks 
after receipt of order. 
Philips Semiconductors, 2001 West 
Blue Heron Blvd., Riviera Beach, FL 
33404-5099; Mirian Coleman: (407) 
881-3257. 


CIRCUITS OFFER HIGH- 
SPEED SWITCHING 


The closely controlled gain and switch- 
ing specifications of a new line of 1500- 
V bipolar transistors allows designers 
to minimize the size and cost of heat 


_ sinks without compromising device re- 


liability. Designed for horizontal line- 
deflection circuits for TV sets and CRT 
monitors, the BU2508A, BU2520A, and 
BU2525A transistors are intended for 
operation in applications with nominal 
collector current requirements of up to 
4.5A,6.0 A, and8.0 A, respectively. The 
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larger devices are suitable for use in 
line-deflection circuits operating at line 
frequencies as high as 64 kHz and are 
available with or without an integral 
damper diode. 

Fabricated in an advanced triple-dif- 
fused, mega-glass passivated process, 
the transistors have closely controlled 
switching parameters. The BU2508A, 
BU2520A, and BU2525A transistors 
are available in SOT199 and SOT93 
plastic power packages. Delivery is six 
weeks after receipt of order. Prices are 
given on request. 

Philips Semiconductors, 2001 West 

Blue Heron Blvd., Riviera Beach, FL 

33404-5099; Miriam Coleman: (407) 

881-3257. 


75-W BENCH SUPPLY 
HAS KEYPAD CONTROL 


Conventional control knobs are no- 
where to be found on the DPS Series of 
75-W bench power supplies. Four 
ranges are available from zero to 12.5 V 
to zero to 125 V. A keypad commands a 
built-in microprocessor that sets volt- 
age, current limit, range, overvoltage 
protection, displays, and overcurrent 
protection. Remote talk-listen control 
is exercised by means of a simple RS- 
232C connection that may be addressed 
in Basic or most common languages. 
List price is $429 in single quantities. 
Call for delivery. 

Kepco Inc., 131-38 Sanford Ave., 

Flushing, NY 11352; (718) 461- 

7000. 


Free: 
Informative 
catalog 800-234-4232 
Applications help (617) 273-1818 


Capital Equipment Corp. 
Burlington, MA. 01803 
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For demanding designs, 
FPGA is no eles. 


four-letter word. 


o push performance and logic density to obscene limits, you 
need an FPGA architecture you can fine tune. With the CLi6000 
Series, you get the fastest, most symmetrical array structure available 
today. It's easy to understand and manipulate. With no complex cell logic 
puzzles to solve. 
This advanced architecture takes the curse off of conventional FPGAs. 
Now you can create pipelined, register-rich designs in much smaller 
» arrays, because CLi6000 Series devices feature thousands of 
_ registers—many times the number of any comparable FPGA. 
This architecture supports system speeds of up to 
| 70MHz-the fastest in-system performance of any SRAM-based 
| FPGA today. And it delivers lots of I/O too, even with low-density 
devices. So your high-I/O designs fit into smaller, less expensive 
arrays. Plus you get the highest silicon efficiency, with lots of 
small, powerful cells that pack plenty of logic into very little space. 
When design talk gets tough, the tough talk to Concurrent Logic. 
To order your CLi6000 Series Information Packet, 
call (408) 522-8703 or fax (408) 732-2765 today. 


Or write Concurrent Logic, Inc. 


1290 Oakmead Parkway, Sunnyvale, CA 94086. Concurrent Lo Oi c In c 
j 1 


All product and company names are trademarks of their respective holders. 
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PICO AC-DC 


SU BS 


meet all your 
military, computer 

and industrial 

requirements 


© Both Linear and Switching 
Models available New Switching 
Series .500” Tall 

@ Linear available with terminal strip 
or PC mount 

e Sealy oe Dual, Triple Outputs 

@ No Derating to 70°C 

e@ Regulated—lIsolated 


ms 
@ Up to 200 Watts 
available 
@ Universal AC Input 
85—264V AC 
up to 65 Watts 
e Jumper Selectable lapis up to 
200 Watts 
e Short Circuit Protection 
@ UL-CSA-TUV Compliant 
e Regulated-lsolated 
@ Multiple Outputs 


e Low Profile .500” Height 

e Meet MIL-STD-704D Input 
Requirements 

@ Optional — 55°C to + 85°C 
Operating Temperature 

e Selected Environmental 
Screening per MIL-STD-883 
available 


e 
Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 

Fax 914-699-5565 
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NEW PRODUCTS 


AUDIO COURSE TEACHES 
0S-9 REAL-TIME 0S 


To help engineers become familiar with 
real-time multitasking programming, 
Gespac has produced a self-study audio 
course on Microware’s OS-9 operating 
system. The complete package con- 
tains over five hours of audio material, 


as well as 270 pages of documentation. 
An exercise disk lets the user imple- 
ment the concepts detailed in the 
course. Examples on the disk can also 
be used as templates for writing appli- 
cation programs. 

The course uses C as the primary lan- 
guage to interact with OS-9. It de- 
scribes the operating system’s basic 
operation, the structure of modules, 
and how to use signals, events, pipes, 
and data and subroutine modules. The 
material is hardware independent and 
is applicable to any OS-9 680X0-based 
platform. The course is available now 
for $595. 

Gespac Inc., 50 W. Hoover Ave., Mesa, 

AZ 85210; (602) 962-5559. 


TRANSACTION SOFTWARE 
DOUBLES IN SPEED 


Release 3.0 of Burr-Brown’s TMV9000 
transaction-processing software dou- 
bles the speed of earlier versions. The 
software performs real-time 
networked data-collection on Digital 
Equipment Corp.’s VAS/VMS-based 
computer systems. Users also get ac- 
cess to Rdb/VMS databases and ISAM 
files, which enhances the read, write, 
and append functions in earlier re- 
leases. An external programmer’s in- 
terface affords access to system rou- 
tines written in standard programming 
languages. TMV9000 release 3.0 offers 
connection through such interfaces as 
direct RS-423, DECservers, LAT, and 
polled RS-422; as a result, existing wir- 
ing can be used. Contact the company 
for price information. 

Burr-Brown Corp., P.O. Box 11400, 

Tucson, AZ 85734; (602) 746-1111; fax 

(602) 889-1510. 


ELECTRONIC 
DESIGN 


Chairman and CEO: Sal F. Marino 
President and COO: Daniel J. Ramella 
President, Electronics Group: James D. Atherton 


Advertising Sales Staff 

Publisher: Pau! C. Mazzacano 
Hasbrouck Heights, NJ; (201) 393-6060 

National Sales Manager: Russ Gerches 
Hasbrouck Heights, NJ; (201) 393-6045 

General Manager, European Operations: John Allen 
Four Seasons House 
102B Woodstock Rd., Witney, Oxford OX8 6DY England 
Phone: 0993-778-077 FAX: 44-993-778-246 


Hasbrouck Heights: Judith L. Miller, Robert Zaremba 

Sales Asst.: Debbie Eng 

611 Route #46 West, Hasbrouck Heights, NJ 07604; 

Phone: (201) 393-6060 TWX: 710-990-5071 
Boston: Ric Wasley 

400 Fifth Ave., Waltham, MA 02154; 

Phone: (617) 890-0891 FAX: (617) 890-6131 
Colorado: Lou Demeter (408) 441-0550 
Chicago/Midwest: Mark Kearney 

Sales Assistant: Susan Johnson 

2 Illinois Center Bidg., Suite 1300 

Chicago, IL 60601; (312) 861-0880 

FAX: (312) 861-0874 
Arizona: James Theriault (408) 441-0550 


Los Angeles/Orange County/San Diego: !an Hil! 
Sales Coordinator: Philisha Henry 
16255 Ventura Bivd., Suite 300 
Encino, CA 91436; (818) 990-9000 
FAX: (818) 905-1206 
Pacific Northwest: Bi! Giller (408) 441-0550 
San Jose: 


Western Sales Manager: William MV. Giller 
San Jose, CA; (408) 441-0550 
Asia/Pacific Manager: Andrew M. Dellins 
San Jose, CA; (408) 441-0550 
Lou Demeter (408) 441-0550 
James Theriault (408) 441-0550 
Sales Administrator: Kim Codron 
2025 Gateway PI., Suite 354 
San Jose, CA 95110; (408) 441-0550 
FAX: (408) 441-6052 or (408) 441-7336 
Texas/Southeast: Bil! Yarborough 
12201 Merrit Dr., Suite 220, Dallas, TX 75251 
(214) 661-5576 FAX: (214) 661-5573 
Direct Connection Ad & DAC Sales Representative: 
Jeanie Griffin (201) 393-6080 
Canada: Tony Chisholm 
Action Communications 
135 Spy Court, Markham, Ontario L3R 5H6 
Phone: 416-477-3222 FAX: 416-477-4320 
Netherlands, Belgium: W.J.M. Sanders, S.|.P.A,.S 
Oosterpark 6-P.O. Box 25 
1483 DeRyp, Holland 
Telex: 13039 SIPAS NL 


France, Spain: Claude Bri! 
IMS Paris, c/o IDG Communications France 
Cedex 65, 92051 Paris la Defense—France 
Phone: 33 149 047 900 FAX: 33 149 047 878 
Germany, Austria, Switzerland: Friedrich Anacker 
InterMedia Partners GmbH 
Katernberger Strasse 247, 5600 Wuppertal 1 
West Germany Phone: 02-02-711-091/92 
Hong Kong: Tom Gorman, China Consultant Inti. 
Guardian Hse, Ste 905 
32 Oi Kwan Road, Happy Valley, Hong Kong 
Phone: 852 833 2181 FAX: 852 834 5620 
Israel: igal Elan, Elan Marketing Group 
22 Daphna St., Tel Aviv, Israel 
Phone: 972-3-6952967 FAX: 972-3-268020 
Toll Free in Israel only: 177-022-1331 
Italy: Cesare Casiraghi, Casiraghi Cesare, S.A.S 
Via Cardano 81 1, 22100 Como, Italy 
Phone: 39 31 536 003 FAX: 39 31 536 007 
Japan: Hirokazu Morita, Japan Advertising Communications 
New Gunza Buiding 3-13 
Gunza 7-chome, Chuo-Ku, Tokyo 104 Japan 
Phone: 011-8 1-3-357 1-8748 FAX: 011-8 1-3-511-8710 
Korea: Young Sang Jo, Business Communications Inc. 
K.P.0. Box 1916, Midopa Building 146, 
Dangju-Dong, Chongo-Ku, Seoul, Korea 
Phone: 011-82-2-739-7840 FAX: 011-82-2-732-3662 
Taiwan: Daniel Cheng, United Pacific International 
No. 311 Nanking E. Rd., Sec. 3 
Taipei, Taiwan R.O.C Phone: 011-886-27-150-751 
FAX: 011-886-27-169-493 
United Kingdom: John Maycock 
Huttons Buildings, 146 West St. 
Sheffield, England S14ES Phone: 742-759186 


Phone: 02997-1303 
Telefax: (02997)-1500 
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op amp you'll find. £ ra) hig ) ff 
With a 200 MHz bandwidth and ~~ ? af f} | ti 
2300Vusec slew rate, the CLC411 is the 
highest-speed, widest bandwidth +15V 
monolithic video op amp on the market. 
Equally important, the CLC411 delivers 
an exceptional +0,05dB gain flatness to 
30MHz. Plus 0.02%/0.003° diff. gain/ 
phase. That’s an unparalleled combin- 
ation of speed and performance in a 
monolithic +15V video op amp. 
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And the best 
high-speed multiplexer. 

For your many switching tasks, the 
CLC5372 is a 2:1 multiplexer that com- 
bines the speed, isolation and low 
distortion that’s critical in high-defin- 
ition video. Settling time is a fast 
17ns to 0.01%. It’s channel-to-channel 
isolation is better than 80dB, and 
harmonic distortion is a low -80dBc. 

Call today and we’ll send all the 
details to help you keep up with the 
fast-changing world of high- 
definition video. 
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iC Comlinear 
Corporation 


Solutions with speed 


4800 Wheaton Drive 
Fort Collins, CO 80525 
(303) 226-0500 
1-800-776-0500 (USA) 


© 1992 Comlinear Corporation 
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Test & Design Expo 
May 12-14, 1992 
(Conference begins May 11) 


Garden State Convention Center 


Somerset, New Jersey 


___ YES! | am interested in exhibiting at Test & Design 
Expo. Please send me an Exhibitor Prospectus. 
___ YES! | am interested in attending. Please send me 

more information. 


Name 


Title 


Company 


Address 


City State Zip 


Phone Fax 


Mail or fax to Miller Freeman, Inc. 

13760 Noel Road, Suite 500 

Dallas, TX 75240 

Phone: 800/223-7126 @ Fax: 214/419-7915 


ED 


oe There. 


* Test & Design Expo 


Test & Design Expo is a new exposition and conference 
that speaks directly to design and test engineers and 
managers — professionals who are working closer 
together in the manufacturing operation. Test & Design 
Expo maps out all the latest products and leading-edge 
technology available in the industry today — from 
CAD/CAE/CAM, to design for testability, to ATE, to 
VXlbus systems. 


It's Survival of the Fittest. 


Test & Design Expo is the first forum to put design and 
test together on one floor, in one conference. Our 
Technical Program will help designers and test profes- 
sionals communicate better and work smarter — with 
sessions, tutorials, minicourses, and forums emphasiz- 
ing concurrent engineering, boundary scan, and 
VXl/systems integration. 


It’s Time-to-Market. 


Concurrent engineering has evolved into the driving 
force in electronics manufacturing. It’s what quality 
and profitability are all about — and it’s what Test & 
Design Expo is all about. Concurrent Engineering can 
shorten time-to-market by 30% to 40%, improve 
product quality, reduce the number of design itera- 
tions, and lower manufacturing and test costs by 20% 
to 50%.* Users aren't ignoring its importance for 


survival in the ‘90s. And neither should you. 


Exhibit your products, equipment, and services to 
buying teams of designers and test professionals at 
Test & Design Expo. 


Test & Design Expo 


‘A New Exposition 
and Conference for 


Test & Design Professionals 


To reserve your exhibit space, complete and mail or fax 
the form or call 800/223-7126. 


Owned and produced by Miller Freeman, Inc. 
* Source: Electronic Trend Publications’ ATE Market Trends, 
Applications, and Strategies. 
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Product open 
and Pom 5.30 to 7-30 coo on te 
and from Noon fo 2 pm on Wed 


Note: 


Futu ledvcdage I 
Panel: Tech s Reston 
ing 


PRODUCT EXHIBITS** & Lunch 
fternoon subjects 
a subjects) 


ISDN and SONET Design 
eels Ss 


WideAres Namoridhg 
Panel: Internetworking Issues 


PRODUCT EXHIBITS** & Lunch 


fem Neon 


Registration fos forthe, conference inci 
lunch, one set of 


oar por 
one eon ge ics, eelesice A $100 
Mae he ibe tions cancelled 

1992; no refunds after March 30. 
eee eerie, Corian Hotel, 


5101 SHOT Creat Aer Parkway, Santa Clara, 


986-0700, Ask for the special SVNC room rate 


fee will 


Calif. (408) 


THE SILICON VALLEY 
NETWORKING CONFERENCE 


Location : The Santa Clara Convention Center, Santa Clara, 
California and the adjacent Westin Hotel 


APRIL 27 - 29, 1992 


KEYNOTE SPEAKERS: 
Eric Benhamou, Chief Executive Officer, 3Com Corp 
Dr. Colin Mick, Technical Director, Network Products, reek reli Systems Inc. 
Dil ESR A RCE REED iE MORE ONS 


The Silicon Valley Networking Conference is the only networking 
conference that focuses on the DESIGN side of network-related 
hardware down to the chip level as well as the development and use 
of network management and testing software. In addition to technical 
papers that focus on design issues there will be panel sessions and 
papers for system planners and strategic MIS executives that focus on 
future technology trends and network implementation issues. 


The SVNC program venue consists of three full-day tutorials on the 
opening day (Monday, April 27) and more than 70 technical and 
management-oriented paper and panel presentations arranged in three 
parallel sessions on the second and third days (Tuesday and 
Wednesday, April 28 and 29). Table-top product exhibits and 
demonstrations will supplement the technical paper program on 
Tuesday and Wednesday. Limited exhibit space is still available; 
contact Ken Majithia at SysTech Research - (408) 924-3930 - for 
exhibition details. 


The Silicon Valley Networking Conference is a Creation of 
SysTech Research. SVNC is co-sponsored by 3Com Corp., 
National Semiconductor Corp., and Electronic Design and 
Electronics Magazines (Penton Publications). 


SVNC’92 REGISTRATION FORM ————————_, 
Please mail in this form with you! 


r payment. Make checks 

Te i Te Pi P a il * Payment 
Soc Te Cketeai Tae Sea hsr20 pomported pesinaled "dhe 
FAX inquiries to (408) 997-8265. by eye cher 3/2 eye door 


(A) Tutorial only (one ine nionel Ai 27) $295 $350 


(B) fayesc only (includes exhibits entry) $395 $450 


(Technical paper = = 4 
(C) Full perience a $495 $550 
$ 25 $ 25 


ssh 


i cat ath, aa in (A). . 


lable top cts raga ooh on 4/28 or 4/29). . 
(E) Extra proceedings (For pick-up at the 
vii ence); IF not 
$20/domectic, $40/; aml Be shipping. .... $85 $ 85 


+ New extended deadline dates; after 4/16 do not mail, bring for at-door registration 


Title 


$ 25 


$100 


Tax ID #7'7-025-4502 


Name 


Company Mail Stop 


Address State 


Zip 


Email 
EXP. DATE 


Telephone 
Charge tomy MASTERCARD 
Account Number 


account. 
Signature 
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Smaller is Better! 
Our package is the smallest! 
‘Using our Quarter Size Outline Package 
~~ (QSOP) of parts opens the door to a new world 
of design for you. Quality’s QSOP line of logic parts 
> will save you up to 75% of useable board space over 
SOIC parts. Really, 75%! Just think of the possibilities. 
With Quality you design smaller, cleaner, and faster 
products, no question! 


Now Smaller is Faster and Cleaner! 
_ Now available in “D" Speed our QSOP package gives 

you the fastest logic parts available. QSOP’s shorter inter and 
' intra-chip distances reduce trace delays, that means a lower 

lead inductance, which means more speed! By using the QSOP 
package in the FCT 2000 series with internal 25 ohm resistor 
F you have signals so clean that ground bounce, reflection, and 
© cfoss talk are not a factor. This is the fastest family of logic chips 
' available. QSI lets you design smaller, faster, better! 


a Smaller Is Easier! 
; The real magic in our quarter size product is the ease in 
Which our logic line can be incorporated into your designs while 
eving substantial savings in board space. Our industry stand- 
25.0 mil lead spaced QSOP chip is half the length, and half 
width of a 24-pin, 300 mil SOIC, but by using JEDEC standard 
‘mil wide bodies and the same outline of a 14-pin SOIC it 
res no New SMT tooling, You get all the benefits and none 
the headaches! 

r Full-line Logic Supplier With Innovation! 
Quality Semiconductor's full-line of logic parts are 
g now! With our ultra-small QSOP, ZIP, PDIP, and SOIC 
available in A,B,C, and D speeds as well as the 
series with on-chip resistors, you have the fast- 
est and smallest line of logic parts available! 
Semiconductor at (408) 450-8027 today for 
ation on our outstanding line-up of logic parts. 


uality Semiconductor, Inc. 
_851 Martin Avenue @™ Santa Clara, CA 95050 
Tel: (408) 450-8027 @ Fax: (408) 496-0773 


FOR US.RESPONSE CIRCLE 205 FOR RESPONSE OUTSIDE THE US. 


} Quality Products in QSOP 
74 FCT 2000 SERIES| 74 FCT SERIES 


2151 2251 2543 2827 | 151 251 543 827 
4 2153 2257 2544 2828} 153 257 544 828 
2157 2258 2573 2833 | 157 258 573 833 
2158 2273 2574 2834] 158 273 574 834 
2161 2299 2640 2841} 161 299 640 841 

2163 2373 2646 2843 | 163 373 646 843 
my 2191 2374 2648 2845 | 191 374 648 845 
2193 2377 2651 2854 | 193 377 651 854 
2240 2533 2652 2861 | 240 533 652 861 
2241 2534 2821 2862 | 241 534 821 862 
2244 2540 2823 2863 | 244 540 823 863 
2245 2541 2825 2864 | 245 541 825 864 


29FCT 2000 SERIES | 29FCT SERIES 
2052 2053 2520 2521| 052 053 520 521 
Available in A, B, C and D speeds 
QUICKSWITCH SERIES 
74QST3383 74QST3384 74QST3583 74QST3584 


DIRECT CONNECTION ADS 
The Only Low Cost/High Performance 


ELECTRO IV [ Arbitrary Waveform Generator 
| 


AWG502 


A must for Engineering Development or Production Test. 


* IBM AT compatible board 

% Two analog output channels + 24 digital outputs 
* Up to 50 Megapoints/sec output each channel 

* 12 bit resolution 

* 10 output filters per channel 

* Frequency synthesizer 


New Products/Services Presented By The Manufacturer. 


’ % 64k words RAM per channel with segment looping 
To Advertise, Call JEANIE GRIFFIN At 201/393-0080 lESitetereiespetas 
0 Ve St, Full price is $3500. Phone Today for immediate information 


Signatec, Inc. 
357 N. Sheridan St, Suite 119 


- 
Corona, California 91720 
SG (714) 734-3001 
FAX: (714) 734-4356 
SIGNATEC INC. CIRCLE 425 


reer! | 68HC11 


120 | PC-based emulator for 68HC11 The Complete 


Pa g e Electronic Design Solution. 
Catalog For FREE evaluation software 
waswionw | and product specs, 
“Optics call 800 488-0680 


Tango, the leader in 
PC-based tools for: 


@ Schematic entry 


for _ 4 
Industry” to A=, aaa 


See EEM 91/92 
| Pages D 1300-1303 
PC plug-in or RS-232 box 


ROLYN OPTICS supplies all types of “Off-the- & Pulldown menus with full window support, combined with m PCB layout and 
Shelf” optical components. Lenses, prisms, mir- | command-driven User Interface autorouting 
ros, rises, microscope objectives & eyepieces a ates eee m PLD design 
plus hundreds of others. All from stock. Rolyn 1H 64 bit wide 16K deep trace. All functions usable without : Leis 
also supplies custom products & coatings in pro- disturbing emulation, Time stamping. Two level trigger: @ Simulation, timing 
totype or production quantities. Write or call for 1 Symbolic and C Source tes Debugging, including in-line verification and thermal 
isting off-the-shelf prices: ROLYN OPTICS CO. m Suppor AO. €F Gna Kana pats eee 
706 Arrowgrand Circle, Covina, CA 91722, CALL OR WRITE FOR FREE DEMO DISK! ACCEL Technologies, Inc. 
818) 915-5707 & (818) 915-5717. TELEX: 67- Ask about our demo video Flanders Drive 
380. FAX: (818) SESE noHau 51 E. Campbel Avenue Melba = ag ea ctl 
Wyre Gasmene; comes ervice - 
CORPORATION (408) 866-1620, [teaver va yor FAX Fax 619 554-1019 
ROLYN OPTICS CIRCLE 413 NOHAU CORP. CIRCLE 409 ACCEL TECHNOLOGY : CIRCLE 400 


Interactive / Real-Time Instant 
in iaee Gare aut balan £ Microcontroller 
wil | | GN: | 
2 Rad 12 eee 
« < s 
s 
Tart TT OF : 
"et | Pot m4 ; | | 
cee, 4 5 Instant C Programming 
Analog Circuit Simulation Don't use a microprocessor, use a SmartBlock™ as oe Beenie aS 
© AC, DC, Transient, Fourier, Temperature, MonteCarlo microcontroller module to build your custom ADVANCED COMMUNICATIONS PRODUCTS 
and/or Worst-Case Analysis * Interactive or batch modes controller. Our $195 interactive Dynamic C™ * 4-, 2-, or 4-port RS-232 and RS-422/485 Boards | 
© Full nonlinear simulation ®*On-line real time graphics eet ka ipsa sb incl ase * Current Loop, RS-530, and V.35 Interface Boards | 
s A e * SPICE < x inch module | u I ’ . hi 
eee : a x ee eae manual memory, time/date clock, eeprom, watchdog, High Speed Sync (HDLC, SDLC) and Async with 
sien cat tases - serial ports and more. As low as $59 in quantity DMA 
All the Features, Twice the Speed The efficiency of a custom design without the * Digital and Relay |/O Boards 
at Half the Cost headaches * Diskless EPROM Board with Promkit Software by 
! Annabooks 
Call for FREE DEMO! Z-World Engineering * New Micro Channel Boards 
wi\\VWw— WH 1724 Picasso Ave., Davis, CA 95616 USA * New Laptop Add Ons 
LE Tel: (916) 757-3737 * Excellent Technical Support 
Tatum Labs, Inc. Regular Fax: (916) 753-5141 SEALEVEL SYSTEMS, INC. | 
P.O. Box 1263, Ann Arbor, Ml 48106-1263 Automatic Fax: (916)-753-0618 | SEALEVEL PO Box 830 
313-663-8810 (Call from your fax, request data sheet #14.) Samamesse Liberty, SC 29657 


803-843-4343 
| TATUM LABS. INC. CIRCLE 418 Z-WORLD CIRCLE 421 SEALEVEL SYSTEMS CIRCLE 415 
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DIRECT CONNECTION ADS 


UNIVERSAL DATA 
ACQUISITION SYSTEM 
aii 


Total Solutions for PC-based 


Industrial Automation and Control 


am 
wes a th 
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ADVANTECH 


Industrial PC Solutions 


20-page, solution oriented reference guide detailing a | 
complete line of PC-based industrial automation and | 
control products: industrial PCs, 486/386/286 CPU 
Cards, RAM/ROM disks, rack mount keyboards and 
monitor enclosures. All of the latest technology at 
budget-conscious prices. Call for FREE reference guide 


| (408) 293-6786. 


| HiWIRE Il can handle your most demanding schematic 


| OXLEY, INC. 


American Advantech 
ADVANTECH ___ CIRCLE 401 


NEW SCHEMATIC AND PCB SOFTWARE 
With support for extended and expanded memory, 


and PCB designs quickly and easily. The unique HiWIRE | 
editor allows you to display and edit schematics and | 
PCBs simultaneously, using the same commands for 
each. HiWIRE II is $995, and is guaranteed. 


WINTEK CORPORATION, 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 448-1903 


WINTEK _ CIRCLE 420 


Oxley SMOX Surface Mount _ 
Test Points and Test Pads 


*SMOX Test points and Test pads are designed to 
ensure fast consistent and trouble-free testing without 
damaging the pcb. 

*“SMOX Test points and sockets—ball and socket arrange- 
ment provides quick and damage free connections. 
“SMOX Test pads—ideal for loosely toleranced bed of 
nail connections. 

*Gold-plated for minimal contact resistance. 

OXLEY INC. 

25 Business Park Drive 
PO Box 814 Branford 
Conneticut 06405 USA 
Tel: 0101 203 488 1033 
Fax: 0101 203 481 6971 
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[PRESTON 


PrESys 1000 
New microprocessor-based system 


offers thousands of functional combina- 

tions for up to six concurrent users: 
= 15 all-purpose card slots = Ana- 
log and digital I/Os " A/D & D/A 
conversion ® 13-16 bit resolution * 
300 KHz-] MHz data rate = 32 MB 
FIFO memory ® Multiple computer 
interfaces. 


For full-color brochure contact 


1180 N. Blue Gum St., Anaheim, CA 92806 
(714) 632-3700, Fax (714) 632-7355 


__ CIRCLE 412 


FRONT BACK 


80% SMALLER MOVEMENT, 
66% FEWER PARTS. 


Core magnet design = Dramatically reduced 
total volume # Taut band suspension 
= Accuracy to + 1.5% of full scale 
= Four sizes = AC and DC versions 
= Standards conformance 
= Custom Marking Services 


S@IcO PRODUCTS CO. 
7580 Stage Road, Buena Park, CA 90621 
(213) 921-0681 = (800) 229-2332 
FAX (714) 739-1507 


SELCO PRODUCTS CIRCLE 416 


stb Telecom Solutions from Teltone 


Rl and R2 MF 
Transceivers 


M-986 transmits and 
receives CCITT R1 or R2 
forward and backward 
multifrequency signals. 
For trunk adapters, test 
equipment, etc. 

Single or dual channel versions available 
For N. Am. (R1) or Int'l. (R2) toll signals 
Binary or 2 of 6 input/output format 
Complete microprocessor interface 
40-pin IC, 5-volt power, crystal time base 


1-800-426-3926 


Or: 206-487-1515 Fax: 206-487-2288 


TCELIONE’ 


In Telecom Interface Components 


Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 
_TELTONE CIRCLE 419 


ERE LECTRONIC 


DES IGN 


RS232_ EE/EPROM, MICRO & 
MEMORY CARD PROGRAMMER $345/495 


Programs EE/EProms, Flash Eproms, ZPRams, Intel Micros, Memory Cards, 

@ Stand-Alone Mode for EE/EProms and Memory Card Depletion ony 

© All 24/28/32 pin EE/EProms to 8 MBits (upgradeable to 2 Megabits) 
Micros:8741/A,-2/A,-4,-8,-9,-51,-CS 1,-C5 1FA/B,-52,-53,-55,-C521, C541, 9761 

* Accepts dedicated modules: Memory Card Programming Module (Sciko/ 
Epson) - $145, Eraser/Timer Module - $50, Gang Module (4 sockets) - $145. 
Simultaneously duplicates up to 5 devices in stand-alone mode (ith Gang). 

Can be operated with any computer containing an RS-232 seri 

@ User friendly Menu-Driven Interface Program for IBM-PC or F contpattbla, 

Full 1 year warranty. Customer support via voice line, fax or dedicated BBS, 


$445 


INTELLIGENT ROM EMULATOR 


@ Emulates 2716 through 27512 EProms with a single unit. Access time 120ns. 


@ Connects to the standard parallel printer port via a standard printer cable. 
User friendly software. Command set includes: Load(data), Write(data), 
Display(memory), Type(of EProm),Edit(memory),Fill(memory),Calculator, 
Reset(target system),Activate(debugging feature),Monitor(selected feature). 
@ Address Compare with Halt output, Address Snapshot, Trigger input. 
© Fast data loading via parallel printer port (64k bytes in less than 10 sec). 
@ Cascadable up to 8 units.Includes target cable with Trigger/Reset/Halt clips. 
@ CMOS RAM chips with rechargeable NiCad battery backup. 
MC/VISA/ AMEX All prices are U.S. list only. 


750 N. PASTORIA AVE., SUNNYVALE, CA 94086 USA 
Tel: (408) 730-5511 Fax: (408) 730-5521 


B&C MICROSYSTEMS _ CIRCLE 403 


Free Circular Connector 
Catalog from LEMO 


LEMO’s new cir- | 
cular connector 
catalog high- 
lights expanded 
shell and insert 
designs. Insert 
configurations 
are available in 
single, multi or 
mixed designs : 
including signal, coaxial, triaxial, high 
voltage, fiber optic and fluidic/ 
pneumatic. Shell styles are available in 
standard chrome plated brass, 
anodized aluminum, plastic or 


Stainless steel. 
Bh) LEMMA! ine 


— ELECTRONIC CONNECTORS 
P.O. Box 11488, Santa Rosa, CA 95406 
Phone (800) 444-LEMO Fax (707) 578-0869 


LEMO USA CIRCLE 407 


Analog Circuit Simulation 
SPICE FOr THE PC 


atu 
“ Me) 
<VBic 


GN2222 


on Grails 
iehisct has it all a an Affordable Price! 


IntEGRATED, Easy To USE SIMULATION ENVIRONMENT, FEATURING: 
A powerful SPICE (IsSpice) simulator performing AC, DC, 
Transient, Noise, Fourier, Distortion, Sensitivity, Monte Carlo, 
and Temperature analyses, Extensive model libraries, 
Schematic entry, and Waveform processing. Starting at $95 for 

\IsSpice, complete systems are available for $815. 


Call Or Write For 
P.O. Box 710 San Pedro, 
NommEree Dome ac i CA 90733-0710 


Information Kit! 
Tel. 213-833-0710 Fax 213-833-9658 
CIRCLE 405 


INTUSOFT) 


16 MHz CPU 
DRAM to 512K 


20 MHz DSP 
SRAM to 96K 


DAPL™ Operating System 
100+ standard commands 
Custom commands in C 


CALL and taik 
to us about 
your project. 
(206) 453-2345 


ANALOG 1/0 

DIGITAL VO 
Inputs to 235K samples per second 
Outputs to 250K samples per second 


a 


2265 116th Avenue NE 
Bellevue, WA 98004 
FAX (206) 453-3199 


CIRCLE 408 


Or call for 
FREE demo diskette. 


MICROSTAR LABORATORIES 


Fuzzy Logic 
Training 


Kit! 


| 

| Introduce yourself to the hot technology 

| | of the 90s! The ADS230 Fuzzy Logic 

| | Applications Development Kit gives you 
hands-on exposure. The PC-compatible 
card includes an NLX230 MircoController 
— allowing you to develop and test appli- 
cations for hardware-based fuzzy logic. 
The kit includes all necessary controlling 
software and documentation. 
From America’s fuzzy 
logic leader! 


| NeuraLogix 411 Central Park Dr. 


| Sanford, FL 32771 


| 407-322-5608 Fax 407-322-5609 


AMERICAN NEURALOGIX CIRCLE 402 


DIRECT CONNECTION ADS 


——— 


“All of the C language routines you need to write 
| | animpressive scientific graphing program of 
your own. Highly Recommended." 

—PC Magazine 
Output Tek 4105, HPGL/2, 
color PostScript, PIC, GEM 
TIGA, DGIS, 8514, VGA 
Source code for full contro! 
Licensed for personal use 


Linear, log, polar plots _ 
3-D curves & surfaces 
Shaded contour plots == 
Smith and 3-D bar Charts =. 
"286-extender version °° 
508 North Kentucky St., Kingston, TN 37763 
FAX: 
SCIENTIFIC ENDEAVORS 


IEEE 488.2 


dé. Hardware for IBM PC/AT, 
Ws Micro Channel, Sun, 

Macintosh, DEC, 
and NexT. 


CIRCLE 414 


Software for DOS, 
UNIX, VMS, menu-driven 
and icon-driven environments. 


IEEE 488 extenders, analyzers, 
converters, analog I/O, and digital /O. 
Call for your free IEEE catalog 


LOtech 


lOtech, Inc. * 25971 Cannon Road 
Cleveland, Ohio 44146 + (216) 439-4091 


10 TECH 


| END WARPAGE WITH BOARD STIFFENERS 


M@ Rigidize boards during and after assembly 

@ Prevent vibration and shock damage 

@ = One-step installation requires no hardware 
| MM Use as a ground, or to carry up to 64 amps 


| Send for Rogers Board Stiffener: 
lication Bulletin. 
| Rogers Corp., 2400 S. Roosevelt St. 


Tempe, AZ 85282 602/967-0624 


|_ROGERS CORP. CIRCLE 422 
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CIRCLE 406 | 


Free Catalog 


The World's Largest Collection of Adapters & 
Accessories for VLSI/Surface Mount Devices 


®@ Debugging Accessories 
® Prototyping Adapters 
® Custom Engineering 


ET 


__ CIRCLE 404 


@ Emulator Pods & Adapters 
@ Debug Tools 

@ Programming Adapters 

® Socket Converters 


Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


EMULATION TECHNOLOGY 


NolseKen 


Noise simulators 
help find perils in 
power-line defects 
IMPULSE NOISE SIMULATOR 


_ 


MODEL INS-410 


U.S.A WATAHAN NOHARA INTERNATIONAL, INC 


TEL(800)366-3515 


NOISE LABORATORY __ CIRCLE 410 


RELIABILITY PREDICTION 


SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK- 
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum- 
ing, and error prone manual methods! 


| | = NEW UPDATE! VERSION 3.1 now available. 
® User friendly: pop-up menus, hypertext help. 
= Very easy to learn and use; quick data entry. 
® Part library for rapid recall of part data. 

= Global editing functions for what-if? trials. 

= Reports which clearly organize results. 

| = Save time & money as you design for quality. 
= Try our Demo Package today for $25. 


T-Cubed Systems, 31220 La Baya Drive, 


Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 


| T-CUBE SYSTEMS _ CIRCLE 417 


Gate Curve Characteristic Tester 
PC Based Nodal Analyzer for IBM PCXT/AT Compatibles 
Component Level Troubleshooting Aid 


When Active Testing Fails to Produce the Defective Component 
The GCCT Module can Light the Way 


| Equal becaie Different Equal 


TAH af 

Pin Pin 2 

Different Equal | Equal | Di 
| 


; ee | 
| | } 

PN fy | 
PinS |Pin6 |Pin? |Pin 8 


Passive Testing 
Freq Selective 60Hz,400Hz,2KHz 
Voltage Selective 

+-40V +-30V +-20V +-10V 
Testing to 40 Pins 
Multiple Sample Summation 
Menu Driven C Program 


Professional 
Digital 
Components 0) 


Making Electronics Friendly For You 
2213 N Reynolds Rd Suite 7 Bryant, AR 72022 
(501) 847-2557 Call for FREE DEMO DISKETTE 


PROFESSIONAL DIGITAL COMPONENTS CIRCLE 424 
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CLASSIFIEDS 


SENIOR DESIGN ENGINEER 


Responsible for research and development of 
advanced models for temperature variation, high 
frequency parasitics, current-flow dependent 
behavior, and scaling effect of both bipolar and 
CMOS devices. Successful candidate will also 
research and develop computation efficient models to 
improve circuit simulation time, process and device 
characterization, extraction methodology for sub- 
micron integrated circuit fabrication processes, 
analyze statistical data of best/typical/worst case 
models, develop correlation theory of device 
parametric interdependency for various process 
technologies, develop and enhance measurement 
capability and HP programs, improve accuracy for 
de, ac, transient, C-V profiling and S-parameter 
characterization of semiconductor devices from -55C 
to 175C with wafer probing station, HP network 
analyzer, HP LCRZ meter, HP semiconductor 
parameter analyzer, HP computer, etc. 

Requirements: Ph.D. in Electrical Engineering 
with more than 5 years laboratory experience in 
design, fabrication, and electrical characterization of 
solid state and thin film devices, experience in micro- 
electronics, semiconductor device physics, solid-state 
physics, and integrated circuit modeling and 
simulation, knowledge of integrated circuit design, 
fabrication process, and SPICE simulation. Must 
also possess extensive measurement technique at low 
temperature and microwave frequency and have a 
strong background in electromagnetic wave, 
microwave circuit and device, statistical analysis, 
thermal physics, numerical analysis, and experience 
of HP instrumentation and programming on HP 
computer. 

Send resume to P.O. Box 1509, Kennebunkport, 
ME 04046 no later than April 29, 1992. Must show 
proof of legal authority to work in U.S. EOE 
M/F/V/H. 


CONSULTANTS 


MICROPROCESSOR CONTROLS 
Customized To Your Application 


Our Complete Package Includes: 
° A hardware interface, designed specifically to 
your needs, utilizing the latest Motorola HCMOS 
technology and other state-of-the-art chips. 
Complete programming to your specifications. 
Delivery in 4-6 weeks from receipt of your P.O. 
Board prices begin at $165.00 in lots of 10. 
Our one-time engineering charges begin at 
$500.00. 
NORAD ELECTRONICS 
102 Railroad Ave., Bridgeport, CT 06604 
Tel. 203/339-3600 FAX. 203/339-3604 


BUSINESS SERVICES 


- We specialize in developing microprocessor/FPGA based 
products/systems and embedded software development. 
- Custom Windows V3.0 and networking software development. 
- Can help with part of or handle the entire project. 

+ Full Microprocessor Development Systems, I7ICE, CAD/CAM, 

and PCB layout system. 
+ Development for LAN, Multibus, VME, PC, MCA, and STD. 
Ac Applied Computer Techniques, Inc. 
T Tel. 407) 851-2525 Incorporated 1978 
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ECAR 


The ultimate enclosure with sleek, sophisticated styling, 
computer-aided, high-tech design and functionality 
and Bud's legendary built-in quality. 
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The new Jaguar Cabinet offers the contoured elegance of a modern classic in 
perfect harmony with advanced engineering and inspired technical innovation. Beneath the 
graceful curves of its removable top cover, you'll discover a rugged steel frame engineered 
to be incredibly strong and stable. The sophisticated, functional design provides a precise 
environment for today’s, and tomorrow’s, high-tech equipment. 


Utilizing Bud's standard option packages and our engineer-assisted custom capabilities, we can 
create a unique Jaguar Cabinet to meet your specific technical requirements. 


Bud East, Inc. Bud West, Inc 

4605 E 55th Street 7733 West Olive Avenue 
P.O. 31 P.O. Box 1029 

Willoughby, Ohio 44094 Peoria, Arizona 85345-0350 
(216) 946-3200 602) 979-0300 

FAX: 216-951-4015 Bud Industries. Inc. FAX: 002-878-5371 


BUD...Your Single Source Enclosure Company. 
CIRCLE 108 FOR U.S. RESPONSE CIRCLE 109 FOR RESPONSE OUTSIDE THE US. 


WE'VE GOT 
TWO WORDS 
FOR PEOPLE 
LIKE YOU. 


If you're one of those people who goes around 
integrating communications devices into PCs, 
laptops and other hardware, we've got two words 
for you — FAX VOdem™. 

What do they mean? In a word, plenty. Yamaha 
defined FAX VOdem on September 26,1991, as a 
major breakthrough in multimedia communications. 
And now it’s going to change the way you commu- 
nicate. Because with FAX VOdem, you'll be able to 


integrate Fax. Data. ADPCM voice communications. 


And caller |.D. All on a single line. And all with a 
single-chip LSI that'll give your products multimedia 
communications capabilities you never thought 
possible. 


© 1992, Yamaha Corporation of America, Systems 
and FAX VOdem 
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Technology Division. Yamaha LSI, Systems Technology Division and the Yamaha logc 


Sound too good to be true? It's not. And we'd like to 
prove it to you. Just call us at 1-800-543-7457 or 
write and we'll send you all the nitty gritty technical 
details that wouldn't fit in this ad. 

SO start integrating FAX VOdem into your new 
products. And when your colleagues notice what a 
great communicator you've become, just tell them 
you've got two words for people like them. 


YAMAHA‘ 


on of America 


ii) 


Yamaha Corpora 
Systems Technology Division 
981 Ridder Park Drive, San Jose, CA 95131 
(408) 437-3133 FAX (408) 437-8791 


are registered trademarks 


$ a trademark of Yamaha Corporation of America 
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SPLITTERS/ 


CONMIBINERS 


the world’s largest selection 
2KHz to 8GHZ from $495 


With over 300 models, from 2-way to 48-way, 0°, 90° and 180°, a variety of 
pin and connector packages, 50 and 75 ohm, covering 2KHz to 8000MHz, 
Mini-Circuits offers the world’s largest selection of off-the-shelf power 
splitter/combiners. So why compromise your systems design when you 
can select the power splitter/combiner that closely matches your 
specific package and frequency band requirements at lowest cost 
and with immediate delivery. 

And we will handle your “special” needs, such as wider band- 
width, higher isolation, intermixed connectors, etc. courteously with 
rapid turnaround time. 

Of course, all units come with our one-year guarantee. 
Unprecedented 4.5 sigma unit-to-unit repeatability also guaranteed, £ 
meaning units ordered today or next year will provide perfor- 
mance Identical to those delivered last year. 

For detailed specs and performance data, refer to the MicroWaves Product 
Directory, EEM or MIni-Circuits RF/IF Signal Processing Handbook, Vol. II. Or 


contact us for our free 68-page RF/IF Signal Processing Guide. 
CIRCLE 168 FOR U.S. RESPONSE CIRCLE 169 FOR RESPONSE OUTSIDE THE U.S. 


finding new ways 
setting higher standards 


[__ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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- variety of elec. uv s 
Linear Technology products inc. 
-perational, instrumentation, and audio amp- 
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Single Supply, 5V, 12 Bit, 
Sampling ADCs From $16.90. 


Linear Technology delivers 
12 bit samples faster and cheaper 
using less power and less board 
space. 

The new LTC1272 is a 3ysec, 
12 bit sampling ADC that blows 
the doors off non-sampling 7572 
and 57 type parts and their sam- 
pling upgrades. In the 7572 pinout, 
it samples at 250kHz and typically 
draws only 75mW from a single 
SV supply. 

And you don't need the extra 
errors, board space, power and 
cost of an external sample and 
hold! With on-chip sample 
and hold, the LTC1272 delivers 
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TECHNOLOGY 


TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 


INTERNAL REFERENCE 
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LOW POWER 
CONSUMPTION 


250 KHz SAMPLE 
RATE 


SINGLE 5V SUPPLY 
OPERATION 


atypical 450nsec acquisition time 
and 72dB typical signal to noise 

+ distortion. The linearity, includ- 
ing the sample and hold errors, 

is 0.5 LSB. 

With on-board voltage refer- 
ence, the LTC1272 is a complete, 
sampling ADC solution. Get it 
now in your choice of 3, 5, and 
8usec speeds for military and 
commercial temperature grade 
applications. Packaging is plastic 
DIP, SO and hermetic. For details 
contact Linear Technology 
Corporation, 1630 McCarthy 
Blvd., Milpitas, CA 95035. Or call 
800-637-5545. 
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